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AN INVESTIGATION OF THE LEARNING OF VISUALLY 
PERCEIVED FORMS 


By ELIZABETH V. FEHRER, Bryn Mawr College 


The concept of form has been emphasized in the writings of the con- 
figurationists as a fundamental cornerstone of their system of psychology. 
Forms, it has been asserted, are efficacious in all the phenomena found in 
perception, memory, thinking, and the varied types of responses charac- 
terizing men and animals. The generalizations of the configurationists 
have been based upon experiments made chiefly in the field of perception 
under more or less restricted conditions and with fairly simple stimuli.? 
The question arises as to the validity of these generalizations when tested 
in new and somewhat different experimental situations. 

That some configurational hypotheses are not generally valid even for 
perceptual processes, has been demonstrated, for example, by Helson and 
Fehrer* who found that different forms having equal areas did not influ- 
ence the lower threshold for light perception. If form as such is not 
efficacious under these conditions of perception then it becomes proble- 
matical how much can be truly said about form in general. This finding, 
contrary to configurational theory, suggested that further experimentation 
under different conditions might throw new light on the perception and 
learning of forms. Additional facts, it was felt, would contribute not only 


*Accepted for publication November 29, 1934. 

* The present study, which was directed by Professor Harry Helson, is a part of a 
dissertation presented to the faculty of Bryn Mawr College in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy. The complete dissertation 
is on file in the Bryn Mawr College library. 

? An account of the experimental work and principles of Gestalt psychology may 
be found in H. Helson, The psychology of Gestalt, this JOURNAL, 36, 1925, 342-370, 
494-526; 37, 1926, 25-62, 189-223. 

*H. Helson and E. V. Fehrer. The réle of form in perception, this JOURNAL, 44, 
1932, 79-102. 

187 


BOSTON UNIVERSI IY 
COLLEGE OF LIBERAL ARTS 
LIBRARY 


188 FEHRER 


to configurational theory, but would also advance knowledge as to the 
actual réle of form wherever it may be a decisive factor. Accordingly, 
certain theories of form have been subjected to experimental test in an 
endeavor to determine the limits of valid generalization on this subject. 

We have sought to determine if the most easily learned forms are, as 
the configurationists have claimed, the simple, closed and symmetrical ones, 
and if the perception and learning of forms exposed for short times con- 
sists of the gradual differentiation of an originally simple impression. The 
figures exposed for short periods and reproduced by the Os have been 
studied to discover the types of error and their changes as learning pro- 
gressed and to determine the conditions responsible for accurate and in- 
accurate perception of form. 


APPARATUS AND PROCEDURE 


Apparatus. In order to test the effect of short exposures on the perception and 
learning of forms, it is necessary to expose figures briefly, instantaneously, and equally 
in all parts. The apparatus used for this purpose consisted of a box against the 
back of which was fastened a grid of glass tubing filled with neon gas. An alternating 
current applied to the electrodes of the grid illuminated the gas almost instantaneously 
as the latent period of neon gas is about 0.00003 sec. The length of exposure-time is 
controlled by the time the current flows. 

The front of the box was covered with a plate of milk glass giving a uniformly 
lighted surface of high intensity. The stimulus figures were inserted in front of this 
glass, with the blank sides towards the O so that they could be seen only when 
illuminated by the neon grid. They then appeared in reverse in black outline on a 
red field. The brightness of the illuminated cards, measured by a Macbeth illumi- 
nometer, was 1.79 foot candles. 


Exposure-times. The apparatus governing the duration of illumination consisted 
of an electrically driven induction motor which actuated an aluminum disk bearing 
8 brass sectors of different angular extent. The circuit was completed across these 
sectors by means of 8 switches. Although the length of the exposure-time theoretically 
depended on the length of the sectors and the speed of the disk, it was checked by 
means of a photoelectric cell connected with an ammeter.‘ The amount of current 
generated in the cell is a linear function of the amount and duration of light affect- 
ing the cell. If the amount of current generated when the light is on continuously is 
known, the length of each intermittent period of illumination may be determined 
by the proportional amount of current generated under this condition. When these 
values were adjusted for the rate of revolution of the disk, which was 67 per min., 
the lengths of the 8 exposure-times were found to be 40, 137, 239, 282, 400, 518, 
560, and 680 o. 


Stimuli. The stimuli consisted of 128 outline figures drawn with India ink on 
medium weight white cardboard cards 13.97 x 29.21 cm. The greatest dimension of 


“I wish to thank Dr. Walter Michels for his suggestion and assistance in the use 
of this method of calibration. 
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each figure was 5.08 cm., which, when observed from a distance of 200 cm., sub- 
tends an angle of 1°28’, thus falling well within the fovea which subtends about 2°. 
The width of the lines composing the figures was 2 mm. 

As it seemed desirable to study different kinds of figures, the following 8 types 
were used with 16 examples of each type: simple geometrical forms such as circles 
and rectangles; figures composed of dots; simple symmetrical figures; simple asym- 
metrical figures; complex asymetrical figures; simple broken figures; complex broken 
figures; disconnected figures composed of complete units. The figures are illustrated 
in Table II. Among these figures were the 26 that had been used by Wulf in a study 
on memory changes in form perception so that we could compare the changes in per- 
ception during learning with the changes Wulf had found in the course of forgetting 
the same figures.” 


Order of presentation. Ideally, in order to test the effect of length of exposure- 
time on the number of repetitions needed. to learn figures, the same figures should be 
presented for different lengths of time. As this is impossible, groups of figures to be 
shown at the various exposure-times were selected at random for each O. In addition, 
so that exposure-times would follow in random order, the order of presentation of 
the 128 figures was determined by chance. In the averages for all the 8 Os for each 
time, accidental errors were thereby cancelled and the values, based as they are on 
128 cases for each time, are probably representative. 


Procedure. The experiment was conducted in a semi-dark room. The QO, on enter- 
ing, seated himself at a table 200 cm. in front of the exposure-box and placed his 
head in a head-rest. The room lights were then turned out and a small bulb was 
lighted. This was screened from the O's eyes and threw just enough light on the 
surface of the box so that the O could see its outlines and fixate on the center.® 
After 5 min. the O was sufficiently dark adapted to see the milk glass plate clearly.” 
Then the figures, in the chance order determined beforehand for each O, were ex- 
posed repeatedly until they were learned, the O drawing the figures as he had per- 
ceived them after each exposure. If a figure was not learned after 20 presentations, 
the next figure was inserted, because after this number the Os grew restless at hav- 
ing to continue with the same figure. After all 128 figures had been given, those that 
had not been learned at the end of the twentieth presentation were shown until 
learned or until they had been exposed a total of 40 times. 

Owing to the comparative simplicity of the figures used, the Os reported no diffi- 
culty in making the drawings and were in most cases satisfied that they accurately 
represented the perceived figures. In a few cases, Os reported that they had seen a 
figure but could not reproduce it. This, however, was not due to the difficulty of 
drawing the figure but to the fact that the “memory image” had gone. We may, 
therefore, feel justified in considering the reproductions accurate representations of 


°F, Wulf, Beitrige zur Psychologie der Gestalt, VI. Uber die Verinderung von 
Vorstellungen (Gedichtnis und Gestalt), Psychol. Forsch., 1, 1922, 333-373. 

* This procedure, involving a mesopic level of adaptation, insured foveal vision. 
As the best form perception is mediated by the fovea, it was desired to use this 
part of the retina. 

* Hecht has shown that foveal adaptation is largely accomplished within 30 sec. 
and nearly complete at the end of 5 min. (S. Hecht, The nature of foveal dark 
adaptation, J. Gen. Physiol., 4, 1921, 113). 
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the Os’ perceptions and base our discussion of form perception and learning on 
these reproductions. 

Observers. The observers in this study were Dr. H. Helson (H), professor of 
psychology; Dr. W. Turner (7), instructor in psychology; the Misses Olivia Futch 
(F) and Ruth Berliss (R), graduate students; and the Misses Louise Balmer (L), 
Virginia Balough (V), Alice Brues (A) and Eleanor Chalfant (C), advanced under- 
graduate students in psychology. 


RESULTS 


I. Effect of exposure-time. Before considering the bearing of our re- 
sults on the configurational concepts concerning the nature of the learning 
process, the effect of exposure-time on learning will be discussed. 


\ 


§ 
Z 


Exposure Time (o) 


Fic. 1. CURVE REPRESENTING THE RELATION BETWEEN 
EXPOSURE-TIME AND REPETITION 


The average number of repetitions needed by all Os to learn the figures 
exposed at each time was calculated. These results are presented in Table 
I and in Fig. 1. Those figures that had not been learned at the end of 40 
presentations were counted as 40. This does not weight them for difficulty 
as heavily as they deserve, but as it was impossible to decide on another 
arbitrary value that would fairly represent their difficulty, the figure 40 
was used. 

Most of the figures that had not been learned at the end of 40 pres- 
entations were those that had been shown at the shorter exposure-times. 
Therefore the difficulty of these times is even greater than appears. Both 
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table and graph show clearly that exposure-time has a decisive effect on 
the number of repetitions needed to learn a group of figures. The shorter 
the time, the more repetitions will be needed, and the longer the time, 
the fewer the necessary exposures. 

In order to express more generally the relation between these variables, the 
constants in the hyperbolic equation: y = 1/(a + 4x) were determined by the 


method of least squares. The best fitting equation was found to be: y = 1/(.101733 
+ .000381x), where x represents exposure-time and y the number of repetitions. 


TABLE I 


Averace Number or Repetitions, ACTUAL AND CaLcuLATED, Nzepep TO Repropuce Cor- 
RECTLY THE Ficures PreseNTED AT THE Eicut Exposure-T1mes, TOGETHER WITH THE 
Weicuts Usep tn Ruuinc Out tue Errect or Exposure-TIME 


Exposure- Actual no. Calculated no. 20 
time (c) repetitions repetitions Weights =— 
repetitions 


9-5 
6.7 
5.9 
3-9 
3-7 
3-4 
3-3 
2.8 


aA co 


In Fig. 1 are plotted the fitted curve and the experimental points. A comparison 
of the actual and calculated y-values is given in Table I. On the whole, the actual 
and calculated values agree very closely. There are, however, certain limits to the 
applicability of this equation. It will not predict accurately for times shorter than 
those used here. The curve does not rise steeply enough for the smaller x-values 
because, in determining the y-values for these small values of x, we arbitrarily 


used the number 40 to indicate the difficulty of figures still unlearned in that number 


of trials. It would have taken many more repetitions to learn the very hard figures 
exposed at short times. Some, indeed, might never have been learned under these 
conditions. Theoretically, an equation of the form: y = 1 + 1/bx, is better justified 
because it is necessary to use a function that will asymptotically approach the value 
1 for repetitions as exposure-times become infinitely long, and will approach infinity 
as exposure-times approach zero.* In fitting the data to this rectangular hyperbola, 
it was found, however, that the calculated values did not agree with the actual 
values as well as did the values calculated from the first equation. An equation of 
this type was, therefore, taken to represent the relationship between the variables 
over the range used in this experiment. 


These results, showing that the accurate perception or learning of com- 
plex forms is a direct function of such a primary factor as exposure-time, 
indicates that complex perception is a process of the same type as simpler 


* Actually, the function will approach infinity at some value other than zero 
because of the latent time of vision. 


40 
137 
239 
282 
400 
518 
560 
680 
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perceptual processes. That the adequacy of such simple perception is di- 
rectly dependent on the adequacy of the conditions of presentation has 
been shown in studies of the liminal perception of light and of visual 
acuity. 

Von Kries,® for example, found that liminal perception is a function of the size 
of the stimulus, its brightness and the length of time for which it is exposed. If 
any one of these three factors is held constant, the mathematical relation between 
the other two necessary to bring about the same psychological effect is inverse. 
Thus if angular extent is not varied, the product of the exposure-time and the 
intensity is a constant. This is, in effect, the law of photographic reciprocity: 
IT = K, where I is the intensity of illumination, T the length of exposure-time, 
and K a constant. 

Similar mathematical relations between the same experimental variables have been 
demonstrated for visual acuity, a more complex type of visual perception. Koenig,” 
in determining the relation between intensity of illumination and visual angle (the 
reciprocal of acuity), found that for the great middle range of values size of angle 
varied inversely with the logarithm of the intensity. Cobb and his collaborators,” 
and Ferree and Rand” have studied the effect of four factors, presentation-time, size, 
intensity of illumination and contrast between object and ground, on visual acuity. 
When two of these factors are held constant and the variables are plotted directly 
against each other, the resulting curve is hyperbolic, showing that the relation 
between the variables is inverse. 


The fact that the relation between the variables in the present experi- 
ment is of the same type as that demonstrated for simpler visual processes 
indicates that the learning of complex forms follows laws holding for the 
simplest perceptions.’* Like these, it is a function that may be expressed 
in terms of the conditions of presentation, and, given the conditions, as 
predictable as the data just discussed. 

Il. Characteristics of easy and difficult figures. While the time of ex- 


°® J. von Kries, Uber die zur Erregung des Sehorgans erforderlichen Energiemengen, 
Zsch. f. Sinnesphysiol., 41, 1917, 373-394. 

* A. Koenig, Die Abhangigkeit der Sehscharfe von der Beleuchtungsintensitat, 
Sitzungsber. k. Akad, Wissensch., 1897, 599. 

* P. W. Cobb, The relation between field brightness and the speed of retinal 
impression, J. Exper. Psychol., 6, 1923, 138-160; 8, 1925, 77-108; Further observa- 
tions on the speed of retinal impression, ‘bid., 9, 1926, 95-109; Cobb and M. W. 
Loring, A method of measuring retinal sensitivity, sbid., 4, 1921, 175-197; Cobb and 
F. K. Moss, The relation between extent and contrast in the liminal stimulus for 
vision, *bid., 10, 1927, 350-364. 

”C. E. Ferree and G. Rand, Intensity of light and speed of vision, J. Exper. 
Psychol., 12, 1929, 363-391; 13, 1930, 388-422. 

* The present fitted equation, in fact, is of the same type as the equation expressing 
the law of photographic reciprocity which holds for the liminal perception of light, 
both being fesscbelie Our equation is also similar to the one that best fits Cobb's 
data for the relation between brightness and exposure time necessary for the liminal 
perception of a black dot on a white field. This equation was calculated from results 
presented for three observers and nine intensities of illumination (J. Cobb, Exper. 
Psychol., 6, 1923, 149, Table II). The best fitting hyperbola was found to be: 
y = 1/(.056 + .0003x), where y represents brightness and x exposure time. 
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posure is an important factor governing the difficulty of learning a figure, 
it is obvious that certain characteristics of the figures themselves must also 
be important in the learning process. In accordance with configurational 
theory and the results of previous studies we should expect to find that 
simple geometrical figures are more easily learned than complex, asym- 
metrical figures, and that figures having few separable parts are easier than 
figures composed of many parts. It is therefore necessary to discover the 
relation between type of figure and ease of learning. 

It seems natural to take the number of repetitions needed to reproduce 
a given figure correctly as a measure of its difficulty or ‘‘goodness.”’ Psycho- 
logically, the easiest or “‘best’’ figures are those learned with the fewest 
repetitions since, in general, these will.also contain the fewest errors. But 
in arranging the figures in order according to this criterion, the effect of 
exposure-time must be ruled out, since, other things- being equal, shorten- 
ing exposure-time increases the number of repetitions needed for learning. 
It was, therefore, necessary to correct the number of repetitions by a sys- 
tem of weights which compensated for the differences in exposure-time 
at which the figures were presented. 


These weights were determined in the following way: the average number of 
repetitions needed for all figures for each exposure-time for all Os has already been 
calculated (see Table 1). These numbers were divided into 20 and the approximate 
quotients calculated. These quotients are presented in Table I. The quotient is the 
partial weight for each figure. This weights the repetitions needed for the figures 
exposed at the longer times more heavily and those at the shorter times less, thus 
equalizing the differences in exposure-time. 

To calculate the difficulty of any individual figure, its total weight is determined 
as follows: the number of repetitions needed by each O to learn it at each exposure- 
time is multiplied by the partial weight, and the products for each O are added 
together.” This sum indicates the degree of difficulty of the figure in question: the 


* No figure is ever given a total weight greater than 80 for any one O. Otherwise 
justice would not be done to those figures exposed at the shortest times which, 
with 40 repetitions as a limit and 2 as the weight for each repetition, can never 
have a total weight greater than 80. : 

* For example, figure 67 required the following numbers of repetitions to be 
learned at the different exposure times at which it was presented to the 8 Os: ~ 
Time Re petitions Partial weight Total weight 

3.5 14 


Here the total weight for the figure is 114. 


137 4 3.0 12 
239 4 3.5 14 
680 2 7.0 14 
560 2 6.0 12 
40 11 2.0 22 

400 2 5.5 11 
282 3 5.0 15 
114 
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TABLE II 


Ranx Orper oF THE Ficures FROM Least To Most Dirricutt ON THE Basis OF THE WEIGHTED 
Dirricutty Scores 


Rank Difficulty Rank Difficulty Rank Difficulty 
order score order score order ort 


score 
26 . 51 79-5 x 
A 


27 52 83.5 


I 


> 


2 


3 28 P 53 85.5 


4 


V 


29 54 90.5 


30 55 94-5 


= 


31 56 95.0 
57 98. 0 


58 


32 
33 


34 59 


35 60 


36 61 


37 62 
38 63 
39 64 


65 


A 
Oo 
O 
V 
XK 
# 
A 


SIAR DEK DNe 


5 36.5 
6 37-0 
7 38.0 
8 39-5 65.0 |_| 98.5 (ul 
; 9 41.0 100.0 J 
10 41.5 103.0 W 
II 43.0 106.0 
12 43.5 105.5 
| 13 44.0 106.5 A 
14 45.0 107-5 ane 
15 45-5 ” 70.0 m 108.5 
‘ 16 46.0 ai 50.9 66 110.5 + 
17 46.5 2 72.0 67 114.0 TA 
18 48.0 43 72.0 68 117.5 M 
: 19 49.0 44 72.5 69 120.5 pl 
20 45 73.5 70 120.5 
; 21 53.0 46 76.0 71 121.5 Xx] 
| 22 55.0 47 76.5 72 121.5 * 
23 55.5 1) 48 78.0 73 133.0 UK 
24 $6.0 _.. 49 79.0 14 133-5 
25 56.5 W 50 79.0 "3 135.0 
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TABLE II (Continued) 


Rank Difficulty Rank Difficulty Rank Difficulty 
order score order score order score 


76 94 194.5 274.5 Ad 
77 : 95 195.0 112 277.0 hy 
78 , 96 198.0 =) 113 283.0 A 


114 284.0 


218.0 115 284.5 


229.0 290.0 


231.0 300.0 


232.0 300.0 


314.0 


246.0 330.0 
250.0 348.5 


381.5 

252.0 
385.5 
il 415.5 

5 264.5 126 480.0 

93 189.5 128 §21.5 


larger the sum, the more difficult the figure. In this way a score was obtained for 
each of the 128 figures. The total range of scores was from 34.5 to 521.5. The 
figures, ranked in order by this method, are illustrated in Table II.* By examining the 
figures as arranged, we can inspect them to determine their properties, and to see if 
the results are in harmony with our expectations that ease of learning depends upon 
the simplicity and symmetry of the presented figure. 


* This ranking is not absolutely accurate for the individual figures because the 
scores for those figures learned after one exposure and those still unlearned after 40 
are not accurate measures of their difficulty. They over-emphasize the difficulty of the 
former and underrate the difficulty of the latter in comparison with figures that 
required intermediate numbers of trials for learning. Therefore, in determining the 
characteristics of easy and difficult figures, it will be necessary to consider groups of 
figures of approximately the same difficulty together, rather than the absolute scores 
of individual figures. 


OK 
85 152.0 <> 103 Yq 
86 158.0 104 
| 
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Inspection of Table II shows that simple common geometrical forms 
are among the easiest to learn. If the 128 figures be divided into four groups 
of 32 each, it appears that 14 of the 16 common geometrical forms used 
in this study fall in the first and easiest group, while the remaining two, 
an obtuse triangle and a trapezoid, fall in the second group. We are, there- 
fore, justified in saying that simple geometrical forms such as circles, squares 
and triangles are the easiest to learn under our conditions of presentation. 

Although these familiar figures are among the “'best’’ forms, they are 
not uniquely so for we find in our easiest group of figures unfamiliar and 
geometrically more complex forms which are learned with equal facility. 
These figures must therefore possess other characteristics making for ease 
of learning. In the present experiment the factors of complexity and sym- 
metry have been investigated. 


(a) Complexity. As it seemed probable that the number of parts of which a figure 
was made would influence the ease of learning it, the complexity of each figure was 
calculated. 

The number of lines or dots composing each figure was determined. Every straight 
line was counted as one line as long as it continued straight and unbroken, even 
though it was crossed by other lines. Thus the figure ranked 15 (see Table II) was 
counted as three lines. If a line contained a gap, it was counted as two lines, e.g., 
the figure ranked 24 was scored as possessing three lines. A curve was counted as one 
line as long as it maintained its curvature unbroken. Thus a circle is counted as one 
line and a semi-circle as two lines. The figures varied in complexity from 1 to 20 
parts according to these criteria. 


TABLE III 
Dirricutty Scores OF THE Ficures Grourep AccorpING TO COMPLEXITY 


Complexity Group No. of parts No. cases Av. difficulty scores 
I I, 2,and 3 73.0 
II 4and 5 132.2 
Ill 6and 7 161.8 
IV 8 to 20 28 207.6 


In order to discover whether the difficulty of a figure depends on the number of 
elements in it, four complexity groups, each group containing enough cases to furnish 
a reliable average, were chosen. The groups were made up as follows: Group I con- 
tained figures of 1, 2, and 3 parts; Group II, figures of 4 and 5 parts; Group III, 
figures of 6 and 7 parts; and Group IV, figures of 8 to 20 parts. The average diffi- 
culty scores for the figures in each of these complexity groups were then calculated.” 
These results are presented in Table III. The average difficulty scores of the succes- 
sive complexity groups are, respectively, 73, 132.2, 161.8, and 207.6, showing that 
the successive groups have progressively larger difficulty scores, the difficulty score 


™ The derivation of this score, representing the number of repetitions, corrected 
for exposure-time, required by all the Os to learn the figures, has been described 
on page 193. 


4 
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of the most complex group being three times as large as that of the least complex. 
The factor of complexity is, therefore, an important one in determining the ease 
with which a figure will be learned. 

(b) Symmetry. The differences that have been shown to exist between hard and 
easy figures, although they hold for groups, do not necessarily hold for individual 
cases. As an inspection of Table II will show, the range of figure complexity in each 
difficulty group is very great. There must, therefore, be other factors in addition to 
complexity that make figures easy or hard to learn. We shall next consider the factor 
of symmetry. To discover whether this factor is effective, the data were analyzed to 
find out if symmetrical figures on the whole were learned in fewer trials than asym- 
metrical figures. 

TABLE IV 


Averace Dirricutty Scores FOR THE SYMMETRICAL AND ASYMMETRICAL FIGURES WITH THE 
SratisticaL Measures Necessary TO DeTERMINE THR RELIABILITY OF THE DIFFERENCE 


Figures No. Av’ o dis. o av. 
Symmetrical 44 106.59 91.53 13.79 
Asymmetrical 109.30 11.92 


84 166.53 
Diff./o diff. = 59.94/18.92 = 3.29 


The figures were divided into those that possessed either vertical or horizontal 
symmetry and those that were asymmetrical in every aspect. Altogether there were 
44 symmetrical and 84 asymmetrical. figures. The average difficulty scores of the two 
types of figure were then calculated. Table IV presents the scores. The score for the 
symmetrical figures is 106.6; for the asymmetrical figures 166.5. On the average, there- 
fore, symmetrical figures are more easily learned than asymmetrical. As the difference 
between the averages is 3.29 times the standard error of the difference, thé difference 
between the two types of figure is statistically significant. 

To make sure that this difference between the two types of figure is not due to 
the complexity of the figure in question, the average number of parts composing the 
figures in the two groups was calculated. It was found that symmetrical figures were 
composed on an average of 6.3 parts; asymmetrical of 5.8 parts. On the basis of 
complexity alone, the asymmetrical figures should have been favored as they were 
made of fewer elements. The superiority of the symmetrical figures is therefore even 
greater and more significant than appears from the calculated difference. 


These results, showing that the ‘‘best”’ figures are on the whole the simple 
and symmetrical ones, substantiate configurational theory, and agree with 
the principles set forth by Wertheimer who, basing his theories on the 
results of experiments on sensory organization, asserted that the properties 
in the stimulus situation which facilitated the perception of organized 
wholes are geometrical simplicity, symmetry, closure and the like.’* 


Ill. Types of reproduction. It is now necessary to discover the man- 
ner in which perception develops, qualitatively, as the presented stimuli 


**M. Wertheimer, Untersuchungen zur Lehre von der Gestalt, Psychol. Forsch., 1, 
1922, 47-58; 4, 1923, 301-350. 
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are learned, and this can be achieved only through a careful analysis of the 
errors made in reproduction. According to configurational theory, stimuli 
viewed under unfavorable conditions should appear simpler than they are 
objectively, and should, therefore, resemble the psychologically ‘‘better” 
forms. But, as studies by Bartlett,’® Hempstead,?° Wohlfahrt,2* and Drury”? 
have shown, over-complex reproductions may also occur when stimuli are 
inadequately perceived. It was therefore necessary for us to analyze the in- 
dividual reproductions so as to discover whether or not the errors made 
conformed with configurational generalizations, and, if they did not, to 
find out in what way they deviated. 

Analysis of the reproductions showed that all types could be classified 
in 12 categories. The first six of these are concerned with the different 
ways in which the general form of a figure can be perceived, and are there- 
fore mutually exclusive. The remaining six, which concern the ways in 
which the perceived form is composed, are overlapping. The same figure 
may exhibit one or more of these last six types of deviation in addition to 
belonging to one of the first six categories. The twelve categories follow:** 


(1) Correct. The form is practically correct. In this category belong all perfect 
reproductions and those incorrect ones whose general outlines are correct but which 
exhibit certain errors in construction. Any of the errors from the seventh to the 


. 
b 


Fic. 2 Fic. 3 Fic, 4 


Fics. 2-4. ILLUSTRATING TYPE 1 OF REPRODUCTION 


Fig. 2, example of a reproduction correct in shape even though showing complica- 
tion; Fig. 3, example of a figure correct in general but accentuated; Fig. 4, example 
of partial reproduction 


twelfth listed below may be present. For example, as in Fig. 2, a reproduction may 
be correct in shape but consist of too many elements. Again, as in Fig. 3, the repro- 
duction may be accentuated although the general shape is correct. 

(2) Partial. Part of the figure only is reproduced. If the reproduction consists of 


*F. C. Bartlett, An experimental study of some problems of perceiving and 

imaging, Brit. J. Psychol., 8, 1916, 222-266. 
L. Hempstead, The perception of visual form, this JOURNAL, 12, 1900, 185-192. 

*E. Wohlfahrt, Der Auffassungsvorgang an kleinen Gestalten: Ein Beitrag zur 
Psychologie des Vorgestaltserlebnisses, Neue Psychol. Stud., 4, 1932, 347-414. 
*M. B. Drury, Progressive changes in non-foveal perception of line patterns, this 
JOURNAL, 45, 1933, 628-646. 

* In the illustrations the stimulus figure is denoted by a; the reproduction by 5. 
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a recognizable part of the figure, it belongs in this group. Fig. 4 is an example of 
this type, the reproduction consisting of the left half of the figure. The partial repro- 
duction may exhibit errors of construction. Fig. 5 illustrates a partial reproduction 
that is levelled as well. 
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Fics. 5-7. ILLUSTRATING TYPES 2 AND 3 OF REPRODUCTION 


Fig. 5, example of a partial reproduction that is levelled; Figs. 6 and 7, examples 
of reproductions wholly different from the stimuli, 


(3) Different, A figure qualitatively different from the stimulus is reproduced. 
A reproduction was placed in this category if its general shape differed more than 
slightly from the stimulus. Figs. 6 and 7 are examples. 


(4) Chaotic. The reproduction is a chaotic or formless mass. Figs. 8 and 9 
illustrate such chaotic reproductions of definitely formed stimuli. 
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Fics. 8-10. ILLUSTRATING TYPES 4 AND 5 OF REPRODUCTION 


Figs. 8 and 9, examples of formless reproductions of definitely formed stimuli; 
Fig. 10, example of a reproduction in which the position of the parts is ane 
without their nature being known. 


(5) Position only. The position of something is indicated but the nature of the 
thing seen is unknown. Fig. 10 illustrates this inadequate type of reproduction. 


(6) Nothing. Nothing is seen. Occasionally a presented figure was not seen at 
all; perception consisted of the homogeneous bright red ground of the stimulus 


Fic. 11 Fic. 12 Fic. 13 


Fics. 11-13. ILLUSTRATING TYPE 7 OF REPRODUCTION 
(Simplification ) 


(7) Simplification. The reproduction is made of fewer parts than the original. 
Such simplification may characterize a reproduction correct in general but made up 
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of too few parts as in Fig. 11. It may also consist of the omission of some charac- 
teristic feature such as in leaving out a line as in Fig. 12, or, as in Fig. 13, leaving 
out a gap which phenomenally is a real psychological entity. 


b 
Fic, 14 Fic. 15 


Fics. 14-16. ILLUSTRATING TYPE 8 OF REPRODUCTION 
(Complication ) 


(8) Complication. The reproduction is made of more parts than the original. 
Such complication may characterize a drawing correct in general but composed of 
too many parts as, for example, the reproduction in Fig. 14. Complication also 
occurs if parts such as lines or gaps not present in the stimulus appear in the repro- 
duction. Fig. 15 illustrates a reproduction containing lines that are not present in 
the stimulus; Fig. 16 a reproduction containing one gap too many. 


(9) Accentuation. This type of change, together with the change known as level- 
ling, were discussed by Wulf in his study on memory changes.” Accentuation indi- 
cates that the reproduction is more differentiated than the stimulus figure. Some part 
may be emphasized at the expense of others; slight asymmetries may be made more 
pronounced; angles may be made more acute; lines slightly different in length 
may be reproduced even more different. Typical examples of accentuation are given 


in Figs. 17 and 18. 


Fic. 17 Fic. 18 Fic. 19 


Fics. 17-19. ILLUSTRATING TYPES 9 AND 10 OF REPRODUCTION 
Figs. 17 and 18, examples of accentuation; Fig. 19, example of levelling. 


(10) Levelling. Levelling characterizes a reproduction less differentiated than the 
stimulus-figure. The parts are made of equal value. Slight asymmetries are made quite 
symmetrical; lines slightly different in length are reproduced more nearly equal; 
angles may be blunted or rounded. Typical examples of levelling are presented in 
Figs. 19 and 20. 


(11) Symmetry. The reproduction is more symmetrical than the original. Exam- 
ples are to be found in the reproductions of Figs. 21 and 22. This classification in- 
cludes many of the reproductions characterized by levelling, but the two categories 
do not always overlap. The reproduction in Fig. 20, for example, is levelled, but 
shows no increase in symmetry. 


* Op. cit. 
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(12) Asymmetry. The reproduction is less symmetrical than the original. This 
type of deviation is illustrated in Figs. 23 and 24. 


(4) Frequency of each type. In order to discover the ways in which re- 
productions are most apt to deviate from the stimulus, the frequency of 
each type was calculated. In making these calculations, each reproduction 
of each figure was scored. First it was placed in one of the first six mutually 
exclusive categories. Then errors of the remaining six types were recorded. 


Fic. 20 Fic. 21 Fic. 22 


Fics. 20-22. ILLUSTRATING TYPES 10 AND 11 OF REPRODUCTION 


Fig. 20, example of levelling; Figs. 21 and 22, examples of reproductions that are 
more symmetrical than the stimuli. 


The frequencies of the twelve types of reproduction are presented in Table 
V. A consideration of the frequencies of the first six types of reproduc- 
tion shows that the reproductions are most frequently correct in outline; 
85.2% of all reproductions belong in this category. One reason for the 
great predominance of this type is that all figures were presented until they 
were accurately reproduced. Therefore in all learning series except those 
in which the figures were not learned at the end of 40 exposures, there 
was necessarily one correct drawing. But in addition most of the incorrect 
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Fics. 23-24. ILLUSTRATING TYPE 12 OF REPRODUCTION 
(Less symmetrical than the stimulus) 


reproductions were correct in general outline because the times used were 
not short enough to cause great distortion. Most of the errors, therefore, 
concern the way in which the outline is composed. 

Second in frequency was the type of reproduction in which the general 
shape of the figure was incorrectly perceived. This type includes 8.2% of 
all cases. Next in frequency was the partial reproduction which included 
4.5% of the cases. The reproductions in these two categories, although 
they do not resemble the stimulus figure, are definitely formed. As these 
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two categories, together with the first, include practically all of the repro- 
ductions (97.9%), it is clear that under the conditions of the present ex- 
periment perception is almost always of something clearly formed. 


TABLE V 
SHOWING THE FREQUENCIES OF THE TWELVE Types OF REPRODUCTION 


Type Frequency % Total 


(1) Correct 

(2) Partial 

(3) Different 

(4) Chaotic 

(5) Position only 
(6) Nothing 


(7) Simplification 
(8) Complication 
(9) Accentuation 
(10) Levelling 
(11) Symmetry 
(12) Asymmetry 


Of the remaining 2.1% of reproductions, most (1.4%), belong in Cate- 
gory (6) which covers those cases where nothing was seen except the 
homogeneous red ground of the exposure card. The two remaining types 
of reproduction, Category (4), an awareness of a chaos of lines or dots, 
and (5), the awareness of position only, occur very infrequently, account- 
ing for only 0.6% and 0.1% respectively of all reproductions. These low 
percentages indicate how rarely phenomenal perception was really shape- 
less. A comparison of the frequency of these two categories combined 
(0.7%), with that of the first, second and third combined (97.9%), dem- 
onstrates strikingly the overwhelming predominance of phenomenally 
formed over phenomenally shapeless perception. Comparing the combined 
frequencies of the fourth and fifth categories (0.7%), with that of the 
sixth (1.4%), shows that no perception at all is more apt to occur than 
an impression of formlessness. 

The errors of the second group, simplification, complication, accentua- 
tion, levelling, symmetry and asymmetry, which deal with the composi- 
tion of the form, occur in from 21.9% to 6.7% of all reproductions. These 
six categories consist of three antithetical pairs. A comparison of the mem- 
bers of these pairs shows that certain types of deviation occur with about 
the same frequency as their opposites, while certain others do not. Thus 
complication occurs only slightly more often than simplification (4% more 
often), and levelling occurs only a little more often than accentuation (19% 
more often). But there is a striking difference in opposing tendencies with 
the changes in symmetry, a change towards a more symmetrical figure oc- 
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curring 138% more often than a change towards a less symmetrical one. 
This difference indicates that there must exist tendencies in the perceptual 
process that facilitate the appearance of symmetry. The other deviations, 
on the other hand, appear to vary at random about a mean. 

It is noteworthy that the errors in reproduction among the second group 
are not in agreement with what we should have anticipated on the basis of 
configurational principles. According to these principles, we should ex- 
pect to find our incorrect reproductions simpler and more symmetrical than 
the stimuli. These changes do occur, but nearly as frequent as these are 
the opposite changes, complication and asymmetry. Although these find- 
ings disagree with configurational theory, they are not unique, for pre- 
vious experiments on form perception, notably those of Bartlett,2> Hemp- 
stead,?® Wulf,?* and Drury,”* have indicated that parallels to all our types 
of error have been found to exist when forms were presented in various 
ways. Therefore our findings are not the results of our experimental con- 
ditions alone, but are truly indicative of characteristic tendencies of forms 
to change in certain ways. 

The foregoing discussion has been concerned with the total frequencies 
of the different types of reproduction. But as the experimental variables 
of figure difficulty and exposure-time were present, it seemed possible that 
they might influence perception specifically. Previous experiments, more- 
over, have shown that the phenomenal appearance of a figure may vary 
with a change in the experimental conditions.?® It seems necessary, there- 
fore, to discover whether the type of reproduction varies with differences 
in the experimental conditions. If length of exposure-time affects percep- 
tion specifically, certain errors should be more frequent at the shorter times 
than at the longer. Again, if the error is a function of the difficulty of the 
figure, certain errors should occur more often in the reproductions of hard 
figures than in the reproductions of the easier ones. 


(b) Exposure-time vs. reproduction-type. In order to discover whether 
any connection exists between the frequency of any type of reproduction 
and the length of exposure-time, the following calculatipns were neces- 
sary. First the total number of reproductions made by all the Os of the 
figures presented at each exposure-time was determined. Then the fre- 
quency of each of the 12 types of reproduction made at each time was cal- 


* Op.cit. Op. cit. Op. cit, Op. cit. 

*” Wohlfahrt, for example, found, when using figure size as a variable, that when 
the stimuli were very small they appeared much simpler than when they were larger, 
and that this simplified stage was followed, before the figures were correctly appre- 
hended, by a stage in which the figures appeared over-complex. 
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culated and the percentage of cases in which each type appeared was de- 
termined. A comparison of these percentages at the different exposure- 
times indicates whether certain exposure-times cause Os to reproduce figures 
showing certain errors more often than other exposure-times do. In Table 
VI are given the percentages of each of the 12 types of reproduction at 
each exposure-time. The results presented here clearly show that exposure- 
time affects reproductions specifically. 


TABLE VI 
Tue Frequency or Occurrence or Eacu Tyre or Repropuction aT Eacu Exposure-TIMe 
(Frequency expressed asa percentage of the total number of reproductions made at each time.) 
Exposure-time (in o) 


Type 


(1) Correct 

(2) Partial 

(3) Different 

(4) Chaotic 

(5) Position only 
(6) Nothing 


(7) Simplification 

(8) Complication 

(9) Accentuation 
(10) Levelling 
(11) Symmetry 
(12) Asymmetry 3.3 

Reading across Table VI, we find that as exposure-time is increased, the 

frequency of correct reproduction increases and the frequency of incor- 
rect, partial, chaotic, and no reproduction, and errors of complication and 
simplification decrease. In fact, chaotic, formless and no reproductions oc- 
cur only at the shorter times. Errors of accentuation, levelling, symmetry, 
and asymmetry occur with approximately equal frequency at all exposure- 
times. 


(c) Figure-difficulty vs. reproduction-type. Since exposure-time affects 
reproductions specifically, it seems probable that the difficulty of a figure 
will also influere the type of reproduction because the difficulty of learn- 
ing any figure is determined in part by the length of time for which it is 
exposed. In addition, the formal properties of the figure itself also deter- 
mine its difficulty. If these two factors, exposure-time and type of figure, 
have the same effect on the type of reproduction, one would expect to find 
the same trend in the percentages of the different types of reproduction 
with figures of different degrees of difficulty as were found for figures ex- 
posed at different times. But the changes in the frequencies should be 


[ : 40 137 239 282 400 518 560 680 
65.0 83.4 88.0 94.5 98.5 93-5 98.1 96.1 
8.7 4.8 5.5 a3 0.0 2.0 1.4 0.8 
19.0 8.8 7.0 2.6 1.5 ea 0.5 3.0 
0.2 2.0 1.0 0.4 0.0 0.2 0.0 0.0 
0.5 0.0 O.1 0.0 0.0 0.0 0.0 0.0 
6.5 0.8 O.1 0.2 0.0 0.0 0.0 0.0 
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greater when difficulty of learning is used as the variable because this is 
determined by two factors instead of by one alone. 

The actual measure of the difficulty of any figure under the conditions 
at which it is presented to any O is the number of repetitions needed to 
learn it. Therefore number of repetitions will be taken as the criterion of 
figure difficulty. Here the effect of exposure-time will provisionally not be 
ruled out. In order to relate figure difficulty with the frequency of occur- 
rence of the various types of reproduction, it was necessary first to divide 
the figures into convenient difficulty groups. Seven groups were chosen, 
the groups being composed as follows: 


2 3 4 5 6 7 
Repetitions .... 2 3 4-5 6-10 11-20 21-40 


The frequency of each type of reproduction in the seven difficulty groups 
was calculated and expressed as a percentage of the total number of repro- 
ductions made of all the figures in each difficulty group. A comparison of 
the percentages for the different groups indicates whether the difficulty of 
a figure will determine the way in which it is reproduced. The results, pre- 
sented in Table VII, show that the difficulty of a figure affects the way in 


TABLE VII 


Tue Frequency or Occurrence or Eacu Type or RepropucTtion AMONG Ficures OF 
Dirrerent Decrees or Dirricutty 
(Frequency expressed as a percentage of the total number of reproductions of the figures in 
each difficulty group) 


Figure difficulty (trials) 


Type 


(1) Correct 

(2) Partial 

(3) Different 

(4) Chaotic 

(5) Position only 
(6) Nothing 


(7) Simplification 
(8) Complication 
(9) Accentuation 
(10) Levelling 
(11) Symmetry 
(12) Asymmetry 


11.9 


which that figure will be reproduced, and that these effects are exactly the 
same as the effects of differences in exposure-time. Increasing the difficulty 
of a figure has the same effect as decreasing the exposure-time. As was to 
be expected, however, the effects of differences in the difficulty of figures 


2 3 4-5 6-10 11-20 21-40 
I 98.6 97.2 95.3 91.0 88.9 68.4 
0.6 0.3 1.8 3-7 2:3 8.1 
0.7 2.4 2.6 4-4 7.0 17.1 
0.0 0.0 0.0 0.4 0.8 t.% 
0.0 0.0 0.2 0.0 0.0 0.3 
0.0 0.0 0.0 0.2 0.8 4.6 
6.0 5.5 6.5 13.0 16.2 32.8 
6.7 23.2 11.0 17.9 21.6 27.2 

18.0 24.6 24.6 26.6 18.5 15.0 : 

17.7 20.3 26.4 25.9 25.8 22.5 
14.6 12.0 24.8 14.9 16.5 18.2 
5.2 6.7 10.1 4.1 
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are more pronounced than the effects of differences of exposure-time, and 
the trends are more regular. 

Although these results show that certain types of reproduction are more 
apt to occur when the stimulus conditions make learning difficult, they do 
not, as they stand, indicate why some reproductions show one type of devia- 
tion and other reproductions deviate in different ways. In order to account 
for these differences, the following hypothesis, a statistical one, which takes 
account of the structure is proposed: we assume that all figures may show 
all types of error, the type and number of errors being dependent on the 
difficulty of the figure. Anything tending to make a figure more difficult, 
for example, complexity of structure, asymmetry, short exposure-time or 
decreased illumination, will increase the number and variety of errors in 
reproduction. 


In order to test this hypothesis, it was necessary to discover whether difficult 
figures really are more variable than easy ones. To do this we calculated the variability 
of the 128 figures. The number of ways in which each figure was reproduced by all 
the Os was determined, different errors of the same kind being counted separately. 
Scoring the figures in this way indicated great differences in variability. Some figures 


TABLE VIII 
AVERAGE VARIABILITY OF THE Ficures IN THE Four Dirricutty Groups 
(The difficulty groups were determined on the basis of the weighted difficulty scores.) 

Difficulty group Av. variability o dis. 

I 3.00 1.695 

2 6.50 2.839 

13.84 7.726 

4 28.56 20.986 
were reproduced in one way only; the most variable figure was reproduced in 109 
different ways. To discover whether variability of perception and the difficulty of a 
figure are related, the variability score was compared with the difficulty of the 
figure in question.” The 128 figures were divided into four groups on the basis of 
their difficulty scores, and the average number of different reproductions for the 
figures in each group was then calculated. The results, presented in Table VIII, 
show strikingly how increase in figure difficulty increases the number of ways in 
which a figure will be perceived. The figures in the easiest group are reproduced, 
on the average, in three different ways; those in the second difficulty group in 6.5 
different ways; those in the third difficulty group in 13.84 different ways; and the 
figures in the hardest group in 28.56 different ways. The reproductions of the hardest 
figures are therefore on the average nine times as varied as the reproductions of the 

easiest figures. 

These results, indicating that the early inaccurate perceptions of difficult figures 
are far more variable than the inaccurate perceptions of easier figures, confirm the 


® As the criterion of the difficulty of a figure we used the difficulty score whose 
derivation has been described on page 193. 
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hypothesis which was suggested above to explain the frequencies of the different 
types of error made in reproduction. Here it was assumed that figures which are 
difficult arouse phenomenally varying perceptions, whereas easy figures tend to be 
perceived in fewer ways. Because of this inherent variability in perception, the pre- 
diction of any individual reproduction must rest on statistical grounds and be based 
on the probabilities of occurrence of the different types of reproduction for figures 
of the difficulty of the presented one. 


IV. Course of the learning process. In studying the learning process 
it is not sufficient to ascertain the nature of the errors that occur in repro- 
duction. An analysis of the kinds of error and their frequency gives no 
indication as to the type, number, and constancy of the errors in the learn- 
ing of a given figure. It is, therefore, necessary to study the individual re- 
productions in each learning series in order to discover the manner in which 
the errors are eliminated and the way in which learning is perfected. Two 
problems are involved here. First, it is necessary to consider the consistency 
with which errors, no matter what their nature, occur in successive repro- 
ductions, and the regularity with which they are eliminated. Secondly, the 
qualitative changes in perception as the figures are learned must be fol- 
lowed in order to discover whether learning consists in the complication 
of the first incorrect perception or in its simplification, in a gradual and 
regular or in a discrete and irregular fashion. 

In order to discover the manner in which errors are eliminated, the suc- 
cessive reproductions in each learning series were studied, and the different 
types of learning classified. The results for figures which were eventually 
learned and for those that were not learned at the end of 40 presentations 
were kept separate so that any differences between them might appear 
clearly. Treating the figures which were learned within 40 presentations, 
we find several typical courses of learning. 


(4) Immediate learning. Learning may be accomplished with one ex- 
posure of the figure. In these instances, the process of learning is too speedy 
to allow analysis. 

The reproductions of the remaining figures indicate that errors may be 
eliminated either regularly or irregularly; either gradually or suddenly. 
These types of learning will be more fully discussed. 


(6) Regular learning. Regular learning includes those series of repro- 
ductions in which only one type of error occurred and was eliminated either 
gradually or suddenly. 


Regular 1, Gradual elimination of errors would characterize those series in which 
the errors diminish progressively in size, or in which the errors drop out one by 
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one in succeeding reproductions. Fig. 25, for example, illustrates the gradual levelling 
of a figure at first reproduced accentuated. 


Fic. 25. ILLUSTRATING REGULAR LEARNING IN WHICH THE ERRORS 
DIMINISH PROGRESSIVELY 


Regular 2. Learning is also regular in those cases in which the errors are 
eliminated suddenly. In this category fall those cases in which the original errors 
remain constant for one or more repetitions and then suddenly drop out. For 
example, in Fig. 26, the square, which three times is incorrectly reproduced as a 
rectangle, is drawn correctly in the fourth reproduction. 
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Fic. 26. ILLUSTRATING REGULAR LEARNING IN WHICH THE ERRORS 
ARE SUDDENLY ELIMINATED 


(c) Irregular learning. Instead of exhibiting the same error throughout, 
successive reproductions may contain qualitatively different errors. This ir- 


regularity may persist throughout the learning series or may be succeeded 
by a stage in which one type of error is repeated for a number of times 
and is then gradually or suddenly eliminated. 


Irregular 1. An example of irregular learning in which the irregularity persists 
throughout the learning series is given in Fig. 27. Here the first reproduction, which 
is over-complex, is followed by a second which is simplified and asymmetrical before 
a correct reproduction is made. 
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Fic. 27. ILLUSTRATING IRREGULAR LEARNING IN WHICH THE IRREGULARITY 
PERSISTS THROUGHOUT THE LEARNING SERIES 


Irregular 2. In some cases of irregular learning, the first few reproductions con- 
tain different errors after which follow a number of reproductions containing one 
type of error which is gradually eliminated. Fig. 28 is an example of this type of 
learning. Here the first six reproductions are accentuated in various ways, the suc- 
cessive reproductions differing from each other. The seventh reproduction is some- 
what accentuated, the lower line not being placed in the center. In the succeeding 
reproductions this line gradually approaches its correct central location. 


‘ 
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Irregular 3. The irregularly varying first reproductions may be followed by a 
type of incorrect reproduction which persists without change for a number of times 


Fic 28. ILLUSTRATING IRREGULAR LEARNING IN WHICH THE ERROR 
1s GRADUALLY ELIMINATED 


and then suddenly drops out. Fig. 29 is an example. The first reproduction is simpli- 
fied, the second complicated, the third simplified, and the fourth complicated. The 
error which remains constant in the next five reproductions consists of the incorrect 
spacing of the dots in the middle column. This error is suddenly eliminated in the 
tenth reproduction. 


Fic. 29. ILLUSTRATING IRREGULAR LEARNING IN WHICH THE ERROR 
Is SUDDENLY ELIMINATED 


(4) Unlearned. The different types of reproduction series for those 
figures that were not learned after 40 exposures are three in number. 


Unlearned 1. First, the original errors may persist unchanged throughout the 40 
reproductions. Fig. 30, for example, shows an incorrect accentuated reproduction 
which was repeated 40 times. 


Fic. 30 Fic. 31 
Fics. 30-31. ILLUSTRATING UNLEARNED REPRODUCTION SERIES 
(Fig. 30, an example of a series in which the same error persists unchanged ; Fig. 31, 


an example in which errors vary at first but in which the later reproductions all 
exhibit the same error.) 


Unlearned 2. Instead of exhibiting the same constant error throughout, the repro- 
ductions may vary irregularly, succeeding reproductions exhibiting different kinds 
of error, or different errors of the same kind. 
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Unlearned 3. Instead of varying irregularly throughout all 40 reproductions, the 
first few reproductions only may vary. Thereafter the same incorrect reproduction is 
repeated after the remaining of the 40 exposures. In Fig. 31, this type is illustrated. 
The first two reproductions show large deviations from the stimulus. The third repro- 
duction was repeated 38 times. 


Each of the 1024 reproduction series exhibited one of these nine types 
of learning. As it was desired to find out which were the most common 
types, the total frequencies of each were determined. These values are pre- 
sented in Table IX. 

TABLE IX 


Tue Frequencies OF THE DirrerENT Courses OF PercepTION FOR LEARNED AND 
UNLEARNED FIGuRES 


Course No. cases % of total 
Immediate 363 36.4 
Regular 1 142 £4:5 
Regular 2 279 28.0 
Irregular 1 ; 101 10.1 
Irregular 2 50 5.0 
Irregular 3 62 6.2 

Total 997 100.0 
Unlearned 1 2 7.0 
Unlearned 2 20 74.0 
Unlearned 3 5 19.0 

Total 27 100.0 


The most frequent type of learning was accurate perception following 
one exposure. This occurred in 36.4% of the total cases. Next in frequency 
were the regular types of learning, the sudden type being twice as frequent 
as the gradual, and accounting for 28% of all cases as opposed to 14.3%. 
The irregular types of learning were least frequent. Of these, the type that 
occurred most often was the one in which all the reproductions exhibited 
different errors with correct perception occurring suddenly. This type com- 
prised 10.1% of cases. The remaining two types (different errors in the 
first few reproductions followed by the same error which remains constant 
in a number of reproductions, and different errors in the first few repro- 
ductions followed by the gradual elimination of one type of incorrect re- 
production) occurred in 6.2% and 5.0% of all cases respectively. 

If the different types of learning involving inaccurate perception be com- 
bined in two groups, the regular types and the irregular being placed to- 
gether, it appears that regular learning occurred in 42.3% of all cases 
while irregular learning occurred in 21.3%. Therefore, when figures of all 
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degrees of difficulty are considered, learning is twice as apt to be regular 
as irregular. 

For figures that are not learned at the end of 40 presentations, the most 
frequent type of perceptual course is the one in which different errors are 
made in succeeding reproductions. This type includes 74% of the unlearned 
figures. Next most frequent is the type in which the errors are variable at 
first and are then succeeded by one constant error. This type occurred in 
19% of all cases. The least frequent type, one that occurs in only 7% of 
cases, is the one in which the original incorrect reproduction is repeated 
40 times. Thus in only 7% of the cases is a figure perceived incorrectly in 
the same way for 40 trials; in 93% of the cases the early reproductions 
vary both from the stimulus-object and from each other. 


V. Learning-type vs. figure-difficulty. Compating the perceptual course 
of learned with that of unlearned figures shows that the former are far 
more apt to be regular than the latter, an irregular course of perception oc- 
curring in only 21.3% of learned figures whereas it occurred in 93% of 


TABLE X 


FREQUENCIES OF THE REGULAR AND IRREGULAR Types OF PERCEPTION FOR FiGurEs OF DIFFERENT 
Decrees OF DirricuLTy 


(In percentages) 
Difficulty (no. of repetitions) 


Course 
3 4-5 6-10 11-20 21-40 


Regular 68 56 46 15 13 
Irregular fo) 32 44 54 85 87 

the unlearned ones. Inasmuch as the unlearned figures were much harder 
than the learned, it seemed possible that the irregular course of perception 
typical of these unlearned figures is a characteristic of hard figures in gen- 
eral, and may also be characteristic of the harder of the learned figures. 
Therefore the frequencies of the different types of learning were calculated 
for the figures of different degrees of difficulty. 

In Table X are presented the frequencies, in percentage form, of regular 
and irregular learning for figures of seven degrees of difficulty (see p. 205). 
Inspection of this table shows the relative frequencies of the different types 
of learning for the figures of the different difficulty groups. 


There is a gradual decrease in percentage, from 100% to 13%, of the regular 
types of learning as the figures grow more difficult, and a steady rise, from 0% to 
87%, of the irregular types. The learning of the figures requiring three presentations 
is twice as often regular as irregular. Of the next two difficulty groups, (4-5 and 
6-10), about half are learned in one way and half in the other. Truly hard figures, 
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those requiring between 11 and 40 presentations, are learned irregularly on an aver- 
age six times as often as they are learned regularly. 

These percentages emphasize the differences in the ways in which easy and hard 
figures are learned. The early, incorrect perceptions of the easier figures are stable, 
the same errors are repeated in successive reproductions, and are gradually or sud- 
denly eliminated. The first perceptions of the harder figures, on the other hand, are 
unstable, differing from each other after successive exposures. Eventually, one type of 
perception becomes stable and is repeated until it is corrected either gradually or 
suddenly. Thus the latter part of the course of learning of the more difficult figures 
is similar to the whole course of learning of the easier ones. It appears, therefore, 
as though the perception of the figures more easily learned begins at a more advanced 
stage in the course of perception, the stage similar to the earlier part of the course 
of learning of hard figures being eliminated in their case. 

The same tendencies that characterize the learning of the more difficult of those 
figures that were eventually correctly perceived appear in the course of perception 
of the unlearned figures, but to a more pronounced degree. Altogether, instability 
of the earlier perceptions occurs 6% more often with figures never learned than 
with figures learned with difficulty. Moreover, in 74% of these cases, the early 
instability is never eliminated, but characterizes the entire course of the reproduc- 
tions; in only 19% of the cases is it succeeded by a more stable stage in which the 
same incorrect perception persists. 


These results indicate that the course of perception, from its early, in- 
accurate and primitive state to the point where it corresponds exactly to 
the given stimulus may be characterized as follows: (1) There is a stage 
of instability in which the perceptions are inaccurate and variable. The per- 
ception of most of the unlearned figures does not develop beyond this 
stage. This stage is succeeded in the case of some of the unlearned figures 
and most of the learned ones by (2) a stage in which the figure is per- 
ceived in one way for a number of times, this perception being incorrect. 
(3) Subsequently, the errors in this stable percept drop out, either grad- 
ually or suddenly, and perception is accurate. In some cases the stage of 
the stable, inaccurate perception is omitted, sudden learning following im- 
mediately upon the original unstable stage. 

Figures of all degrees of difficulty follow some part or all of this course 
of perceptual development. Figures so hard that they are never learned 
often do not progress beyond the primitive, unstable stage. Figures that 
are hard but not so hard that they cannot be learned, usually pass through 
all three stages. The development of the perception of easy figures, those 
correctly reproduced in a few trials, usually begins at the second or stable 
stage. Very easy figures, those learned on one presentation, confine their 
course to the third stage. 


VI. Qualitative changes during learning. In the previous section it was 
found that the course of perception varies with the difficulty of the figure 
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presented. The discussion, however, did not indicate the nature of the 
qualitative changes involved in either the regular or irregular courses of 
perception. We cannot as yet predict whether the development of accurate 
perception will consist in the complication of an originally too simple struc- 
ture; in the simplification of one that is at first too complex; in the gradual 
dropping out of errors of one that is of the same complexity; or whether 
the course of perception is totally irregular. It is with the determination 
of these qualitative changes and their relations in successive reproductions 
that the present section will be concerned. 

When the reproductions of the stimulus-patterns were studied so that 
they might be classified for complexity, the following differences were 
discovered. 


(1) The forms reproduced were simpler than the stimulus-patterns, /.e. more like 
primitive, undeveloped structures. This category includes reproductions deviating 
from the stimulus in a number of ways. Here belong the reproductions that are 
simpler and less differentiated than the stimulus by virtue of being levelled, more 
homogeneous and more symmetrical, Partial reproductions and reproductions com- 
posed of too few elements belong here also. 


(2) The forms reproduced were more complex than the stimulus-patterns, /.e. 
more highly organized or differentiated. Reproductions made up of more parts than 
the original belong here as well as that type of reproduction which consists of a 
chaotic or unorganized mass of parts. 


(3) The forms reproduced were equal to the’ stimulus-patterns in complexity. In 
this category belong correct reproductions and reproductions as complex as the 
stimulus but possessing certain errors not involving complexity. 


The figures in each learning series were examined to discover whether 
they were simpler than the stimulus, more complex, or equal in complexity. 
By studying the changes in successive reproductions, the types of perceptual 
development were determined. The qualitative types of learning are four 
in number. 


(1) Progressive complication. First, learning may consist in the gradual complica- 
tion of an initially too simple reproduction until the complexity of the presented 
stimulus is obtained, and the presented form is correctly reproduced. Fig. 32 gives an 
example that belongs in this category. Here the partial reproduction is completed by 
the gradual filling in of the missing parts. 
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Fic. 32. ILLUSTRATING PROGRESSIVE COMPLICATION 
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(2) Progressive simplification. Secondly, the course of learning may proceed in 
the opposite direction, and thus consist of the gradual simplification of an initially 
too complex reproduction. Fig. 33 illustrates the process of simplification from a 
reproduction composed of too many parts to one composed of the correct number. 


aw b 
Fic. 33. ILLUSTRATING PROGRESSIVE SIMPLIFICATION 


(3) Qualitatively irregular. Thirdly, the course of learning may exhibit no regular 
trend either in the direction of complication or simplification, but may be quite 
irregular, over-simplified and over-complex representations following each other in 
irregular order. Figs. 34 and 35 illustrate such irregular learning. In Fig. 34 the first 
reproduction consists of a part only of the presented figure and is, therefore, simpli- 
fied. This is followed by a reproduction composed of too many parts. The next 
reproduction is again simplified, and this, in turn, is followed by a correct drawing. 
In Fig. 35 an accentuated reproduction is followed by a levelled one before a correct 
drawing occurs. 
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Fics. 34-35. ILLUSTRATING QUALITATIVELY IRREGULAR REPRODUCTION 


(4) Unchanged complexity. In addition to the three types of learning in which 
changes of complexity are involved, a fourth type occurs in which all the reproduc- 
tions are of the same complexity as the stimulus, although other errors such as the 
misplacement of parts and errors of direction occur. Figs. 36 and 37 illustrate this 
type. In the first example, Fig. 36, a gap has been misplaced in the first reproduc- 
tion. In the second example, Fig. 37, the oblique line runs in the wrong direction. 
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Fic. 36 Fic. 37 
Fics. 36-37. ILLUSTRATING REPRODUCTION SERIES Not INVOLVING CHANGES 
IN COMPLEXITY 
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In order to determine the most frequent type of perceptual change, the 
frequencies of the different types of learning for the 661 cases requiring 
more than one exposure of the stimulus were calculated. These values are 
shown in Table XI. It appears that learning most often consists of the 
gradual complication of a phenomenal perception which is at first simpler 
than the stimulus. Of all cases of learning, 32% are of this type. Nearly 
as frequent, however, is the second type (progressive simplification) , which 
occurred in 27% of the cases. The next most frequent type, which occurred 
25% of the time, is the irregular one. Least frequent is the type in which 
no deviations in complexity occurred. The first, second, and fourth types 
all represent regular qualitative changes. Between them, they include 75% 
of all cases. Thus, when figures of various degrees of difficulty are considered 
as a group, learning is three times as apt to be regular as irregular. It must, 
however, be remembered that these conclusions are based on the courses 
of learning of figures differing widely in difficulty. 


TABLE XI 
FREQUENCY OF OccURRENCE OF THE Four DirFeRENT QUALITATIVE TYPES 
Course Frequency of occurrence 
Progressive complication 32% 
Progressive simplification 27% 
Qualitatively irregular 25% 
Unchanged complexity 16% 

VII. Qualitative type vs. figure-difficulty. The previous section has 
shown that the reproductions made in learning the harder figures are more 
apt to differ from each other in type and number of errors than are the 
reproductions of easier figures. Therefore it seemed probable that the 
learning of harder figures might be predominantly of the type designated 
as qualitatively irregular. Consequently the percentages of cases of each 
type of learning were determined for figures of different degrees of difh- 
culty. (In these calculations, the figures not learned at the end of 40 presen- 
tations were considered the eighth difficulty group.) These results, presented 
in Table XII, show that, typically, easy and hard figures are learned in 
different ways. As the figures increase in difficulty, the percentages learned 
in the three regular ways decrease gradually from 100% to 24%, while 
the percentages of irregular learning increase steadily from 0% to 76%. 
Thus, qualitatively, the learning course of easy figures is typically regular; 
that of the harder figures irregular, showing no gradual consistent growth 
or development from inaccuracy to accuracy. 

The present section has carried further the analysis begun in the last 
section. There it was shown that the course of learning of hard figures was 
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typically irregular by virtue of the fact that succeeding reproductions ex- 
hibited different kinds of error. In the present section it has been shown 
how widely different, qualitatively, the successive reproductions of these 
very hard figures may be. 

A consideration of these results in the light of configurational principles 
is essential in order to discover whether these principles will apply to 
results obtained by all methods of presenting forms. Such a comparison 
indicates marked disagreement between our results and configurational 
theory. The type of learning which, according to configurational theory, 


TABLE XII 


Tue Frequency or THE Four Quatitative Types or LearNinG FoR Ficures oF EIGHT 
Decrees or Dirricutty 


(The frequencies are expressed as percentages.) 
Difficulty (no. of repetitions) 


Course 
I 2 3 4-5 6-10 11-20 21-40 40+ 
Complication ° 42 27 30 35 20 9 8 
Simplification ° 35 35 26 21 10 14 8 
Irregular ° ° 15 33 35 62 73 76 
Unchanged 100 23 23 II 9 8 4 


should be typical under the conditions of our experiment is the gradual 
complication or development of an originally too simple perception until © 
it equals the presented one in complexity; but the results presented in 
Table XI show that this is not so. Only one-third of the cases show this 
gradual type of development. 27% also show a gradual type of change, 
but here the change is in the opposite direction from that demanded by 
theory, consisting instead of the simplification of an originally too complex 
figure. A type of learning to be expected even less is the irregular which 
occurs 25% of the time, for here there is no definite trend, over-complex 
and over-simplified figures following each other at random. 

At first thought it might seem that this disagreement is due to the fact 
that our experimental results are based on figures of all degrees of difficulty. 
Theoretically, the type of learning characteristic of the difficult figures should 
agree better with the expectations of configurational theory because here 
the conditions for perception are proportionately more difficult, and it is 
under these conditions that figures are supposed to change most markedly 
towards “better” and simpler structures. We should, therefore, expect to 
find more cases of initial simplification followed by progressive complica- 
tion among the more difficult figures than among the easier ones. As may, 
however, be seen in Table XII, exactly the opposite occurs, for the per- 
centages, instead of increasing as the figures become more difficult, gradu- 
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ally decrease from 42% to 8%. On the other hand, the frequency of 
irregular learning increases from 0% to 76%, showing that the gradual 
development of an originally simple structure is not characteristic of the 
development of perception under unfavorable conditions. Thus these ex- 
pectations of configurational theory are not realized under the very condi- 
tions that should be most favorable to them. 


Parallels to the four types of learning occurring in our study are to be found in 
the literature on form perception. The regular type of learning demanded by con- 
figurational theory was found by Wever™ and by Brigden* when briefly exposed 
figures were learned, and in all experiments on memory changes. Our other regu- 
larly progressive type of learning, that of progressive simplification, was found to 
occur occasionally by Bartlett™ in his tachistoscopic study. Our third type of regular 
learning, unchanged complexity, is similar to that found by Judd and Cowling™ 
who presented cursive forms for the comparatively long exposure-time of 10 sec. 
The irregular type has many parallels in the literature. Many have reported the 
changeability of perception before it represents the stimulus-material accurately. 
Wohlfahrt® has found this lability characteristic of the learning of very small figures 
as they are gradually increased in size; Zigler, Cook, Miller, and Wemple” have 
shown it to be characteristic of form learning in the retinal periphery, and Hemp- 
stead” has demonstrated it with figures whose outlines differed slightly in brightness 
from their backgrounds. 


Inasmuch as we have found that the type of learning is dependent in 
large part on the difficulty of the figure to be learned, it is probable that 
the different types of learning reported in the literature are also functions 
of the degree of favorability of the learning situation, whether this be due 
to the complexity of the stimulus-material or to the methods and condi- 
tions of presentation. 

This relation between the difficulty of a figure and the way in which 
it is learned may explain the inadequacy of configurational theory to ac- 
count for all of the ways in which form perception may develop. If the 
fundamental experiments involved easy figures, only the regular qualita- 
tive changes would have been observed. In addition, differences in the 
methods of presentation may also account for the differences in results. 


* E. G. Wever, Figure and ground in the visual perception of form, this JoURNAL, 
38, 1927, 194-226. 

“R. L. Brigden, A tachistoscopic study of the differentiation of perception, 
Psychol. Monog., 44, 1933, (no. 197), 153-166. 

8 Op. cit. 

“CC. H. Judd and D. J. Cowling, Studies in perceptual development, Psychol. 
Monog., 8, 1907, (no. 34), 349-369. 

Ob. cit. 

*M. J. Zigler, B. Cook, D. Miller, and L. Wemple, The perception of form in 
peripheral vision, this JOURNAL, 42, 1930, 246-259. 

Op. cit. 


218 FEHRER 


That this may be true is seen in the fact that some of the basic configura- 
tional experiments dealt with memory changes in form perception. As 
the studies of memory changes by Wulf,** Gibson,*® and Perkins‘? show 
that these changes always progress regularly towards a stabler structure, 
it is clear why configurational theory, in so far as it is based on such experi- 
ments, should assume a progressive, uni-directional change to be typical 
of the course of development of form perception. If the same figures that 
were used to test memory changes be presented, however, in a different 
way, and the process of learning rather than forgetting studied, the types 
of perceptual change will be found to be very different in the two cases. 
Conclusions based on the perceptual changes involved in forgetting may 
not, therefore, be extended to explain the changes involved in learning. 


Wulf’s study. Twenty-six of our 128 figures were those that had been used by 
Wulf in his study on the changes in phenomenal forms with the passage of time.“ 
He had found that either accentuation or levelling appeared in most reproduction 
series and that, in succeeding reproductions of the same figure, the original error 
persisted and became more pronounced. We used Wulf’s figures in our experiment 
with the purpose of discovering whether the changes that he found would occur 
when the figures were presented under different conditions and the process of learn- 
ing rather than forgetting studied. The progress of change should be opposite in the 
two cases, Wulf's reproductions proceeding from most to least accurate, while ours | 
proceeded from least to most accurate. In addition to the regularly progressive nature 
of the changes, we should expect the reproductions of any one figure by a particular 
O to show changes in one direction only. A figure should not be accentuated after 
some presentations and levelled after others if Wulf’s description holds for learning 
as well as forgetting. 

In order to determine whether these theoretical expectations are borne out in our 
experiments, our reproductions of Wulf’s figures were scored for accentuation and 
levelling. Table XIII gives the actual number and percentage of cases in which 
accentuation, levelling, both, and neither occurred. Of the total 208 cases, 22% 
showed accentuation only, 24% levelling only, and 16% showed both, and 38% 
neither. The present results, therefore, indicate that the type of change need not 
always be constant. Wulf found no cases of a figure being both accentuated and 
levelled by the same O, whereas we found that this occurred 16% of the time. 

Nor have we found that the qualitative changes, when only one type of change 
occurred in a learning series, are always progressive. When each learning series 
exhibiting accentuation or levelling changes alone was classified to indicate whether 
the changes were regularly progressive or irregular, it was found that an irregular 
course occurred 150% as often as a regular course. On this score too our results 


8 Op. cit. 
* J. J. Gibson, The reproduction of visually perceived forms, J. Exper. Psychol., 


12, 1929, 1-39. 
net T. Perkins, Symmetry in visual recall, this JoURNAL, 44, 1932, 473-490. 


Op. cit. 
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oppose Wulf’s; although we do find learning series in which accentuation or level- 
ling are gradually eliminated, these series are by no means the rule. These differ- 
ences between our results and Wulf’s lead us to conclude that the changes in form 
perception during forgetting are very different from those found when the same 
figures are learned under unfavorable conditions. 


Any psychological theory, such as Gestalt theory, whose explanations 
of the changes involved in form-perception are based on the results of 
memory experiments without sufficient check from other types of experi- 
ment, will not be able to explain adequately the changes involved in learn- 
ing forms. Although Ges/alt theory can explain the changes in the develop- 
ment of comparatively easy figures and can also account adequately for the 


TABLE 
Types or CHANGES IN THE RepropucTiION OF WuL_r’s Ficures 
Type No. % 
Accentuation 44 22 
Levelling 50 24 
Both A and L 34 16 
Neither A nor L 80 38 


changes characteristic of the course of forgetting, it offers no adequate ex- 
planation of the irregular perceptual development characteristic of the 
learning of difficult figures. A more comprehensive theory, such as the one 
proposed here, is necessary in order to take into account and explain all the 
variations possible in the perception, learning, and forgetting of forms. 


CONCLUSIONS 
In the present study we have presented an account of the perception and 
learning of form under conditions involving the repeated exposure of 
different kinds of figures for short times. We have considered, on the one 
hand, the effects of length of exposure-time and type of figure on the speed 
of learning, and, on the other hand, the qualitative changes in perception 
involved in learning. 


(1) We have found that the learning of complex visual material is a 
process of the same type as the simplest visual perceptions such as liminal 
sensitivity and acuity. The typical inverse relationship was found to hold 
between our variable factors of exposure-time and number of repetitions, 
showing that the number of repetitions needed to learn complex forms 
may be expressed as a simple function of the times of presentation. 


(2) In accordance with configurational theory, we have found that the 
figures that are easy to learn are the simplest geometrical forms such as 
circles, triangles, rectangles, symmetrical figures, and figures composed of 


i 
] 
t 
t 
y 
4 


220 FEHRER 


few parts. Figures difficult to learn, on the other hand, are either asym- 
metrical or composed of many parts, or both. 


(3) Analysis of the reproductions with the purpose of classifying the 
different types of deviation showed that perception under our conditions 
was in almost all cases definitely formed; only 0.7% of the reproductions 
were formless or chaotic groups of dots or lines. Six of the 12 types of 
reproduction could be grouped into three pairs, the members of each in- 
dicating opposite tendencies. These were accentuation and levelling, com- 
plication and simplification, and symmetry and asymmetry. With the excep- 
tion of the errors in symmetry, the frequencies of the two members of 
each pair were similar, indicating that in certain respects reproductions 
tend to vary about a mean which is the presented figure. Certain of our 
errors, complication and asymmetry, cannot be explained by configurational 
principles. Errors of symmetry and simplification only would have been 
expected in accordance with the principle that perceptions tend toward 
simple or “good” forms under unfavorable conditions. Yet our errors of 
complication and asymmetry are not peculiar to our experimental condi- 
tions, for they have been reported in other experiments on form percep- 
tion carried out under various conditions. 


(4) Further analysis of our data indicated that the difficulty of the 
stimulus conditions determined the frequency of occurrence of the various 
types of error. All errors except accentuation, levelling and symmetry, which 
occurred in equal proportions in the reproductions of figures of all degrees 
of difficulty, occurred more frequently in the reproductions of the harder 
figures, showing that these are far more variable than the reproductions 
of the easier figures. 


(5) To account for the frequency of occurrence of the different types of 
error, a statistical or error hypothesis was proposed which assumes that the 
decisive factor determining the way in which a figure will be reproduced 
is the difficulty of learning the figure in question, whether this difficulty 
be due to the structure of the figure or to the length of time for which it 
is presented. The harder the figure, the more kinds of error may occur in 
reproduction. The actual reproduction that will be made after any par- 
ticular exposure of a figure is a function of the difficulty of that figure and 
the probabilities of the different types of error. 


(6) Investigation of the learning process exhibited in a series of incor- 
rect reproductions showed that the typical course of perception, applicable 
to figures of all degrees of difficulty, is as follows: first there is a state of 
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instability in which the reproductions are inaccurate and differ after each 
exposure of the stimulus. They may be more complex than the presented 
form or simpler. Gradually perception becomes more consistent. In this 
second stage the stimulus appears phenomenally the same for a number 
of exposures. This constant error is gradually or suddenly eliminated, and 
the third stage, the correct perception, is attained. Figures of all degrees of 
difficulty follow some part or all of this characteristic course. Figures that 
are so hard that they are not learned often do not progress beyond the first 
unstable state. Difficult figures that are learned usually pass through all 
three stages. The learning of easy figures, those correctly reproduced after 
a few exposures, usually begins at the second or stable stage and most 
often consists in gradual progressive complication or simplification. The 
easiest figures, those learned in one exposure of the stimulus, confine their 
course to the third stage. 

(7) A consideration of our findings indicates that configurational theory 
accounts only for the regular learning of simple figures which was only one 
of several ways in which the learning of all figures occurred. Wulf’s ten- 
dencies toward progressive accentuation or levelling of figures in forgetting 
are not characteristic of all types of learning even when his figures are used. 
The learning of difficult figures usually takes place in an irregular fashion 
unpredictable from configurational principles. The statistical theory here 
proposed regarding the development of perception will account for both 
the facts stressed by the configurationists and the results of this and other 
studies of form perception. 
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THE RELIABILITY OF THE pH OF HUMAN MIXED SALIVA AS AN 
INDICATOR OF PHYSIOLOGICAL CHANGES ACCOM- 
PANYING BEHAVIOR 


By KENNETH H. BAKER and Marcet G. Eye, Ohio State University 


This investigation was undertaken to learn whether changes in the pH 
of the saliva bear a relationship to various types of behavior and whether 
they may be used as a method of measuring energy output in cases where 
such data would be valuable in interpreting other measurements. This 
technique may be considered in a class with other physico-chemical measure- 
ments of behavior. 


Among the most common measurements used in the past have been the galvanic 
technique, determinations of muscular tension in a given response, various changes 
in the respiratory process, and blood analyses. Such measurements are based on the 
assumption that the response of the organism is dependent not only upon the stimu- 
lating situation, but also upon certain physico-chemical processes going on within the 
organism. Various investigations, including so-called fatigue studies," have shown 
that a measured efficiency is affected by the fatigue and that also the speed of recovery 
of the organism is an important problem. 


The various functions of the salivary glands have been studied by several investi- 
gators in the field of physiological chemistry. The composition and chemistry of 


*Accepted for publication December 14, 1933. An investigation carried out under 
the direction of Dr. F. C. Dockeray, Department of Psychology, and Dr. H. E. 
Hamlin, Department of Physiology. 

* A representative list of these studies includes: 

T. H. Bast and A. S. Lowenhart, Studies in exhaustion due to loss of sleep: 
I. Introduction and methods, Amer. J. Physiol., 82, 1927, 121-126. 

A. V. Bock, D. B. Dill, and J. H. Talbott, Studies in muscular activity: I. De- 
termination of the rate of circulation of blood in man at work, J. Physiol., 66, 1928, 
121-132. 

S. Cobb and A. Forbes, Electromyographic studies of muscular fatigue in man, 
J. Neurol. & Ment. Dis., 58, 1923, 273-274. 

S. L. Crawley, An experimental investigation of recovery from work, Arch. 
Psychol., 13, 1926, (no. 85), 1-66. 

F. C. Dockeray, Attention, distraction and fatigue, J]. Comp. Psychol., 2, 1922, 
331-370. 

P. E. Dowd, A study of the constancy of rate of work, Arch. Psychol., 13, 
1926, (no. 84), 1-33. 

R. O. Filter, Estimates of the amount of work one can do, J. Appl. Psychol., 11, 
1927, 58-67. 

A. V. Hill, Muscular Movement in Man, 1927, 1-104. 

J. S. McDonald, The relation between “basal metabolism” and ‘‘cost of move- 
ment,” J. Physiol., 59, 1924, xix-xx. 

A. T. Poffenberger, The effects of continuous work upon output and feelings, 
J. Appl. Psychol., 12, 1928, 459-467. 

M. Shirley, Studies in activity: I]. Activity rhythms; age and activity; activity after 
rest, J. Comp. Psychol., 8, 1928, 159-186. 
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many of the components have been studied with reference to the part they play in the 
digestive process and dental conditions. It is generally agreed that saliva, a colorless, 
turbid, viscous liquid, has a specific gravity of about 1.003 and a neutral or slightly 
acid reaction (pH 6.6 to 7.1). Under ordinary conditions, a sample will also contain 
many flat cells derived from the epithelium of the mouth, and some peculiar spherical 
cells known as salivary corpuscles which seem to be altered leucocytes, 

The important constituents of the saliva are ptyalin, maltase, mucin, traces of 
protein and of thiocyanate (in the case of smokers), and inorganic salts such as 
KCl, NaCl, NaHCO,, CaCO,, Ca,(PO,).. The saliva is especially rich in bicar- 
bonates and CO, in solution. According to Pfliiger,? as much as 65% by volume has 
been found to be CO: of which 42.5% was in the form of carbonates. This amount 
of CO., combined and in solution, is an indication of the chemical activity of the 
glands. 

The salivary center in the medulla oblongata may be called into activity by the 
stimulation of the sensory fibers of the sciatic, splanchnic, and particularly by the 
vagus nerves. More complex neural factors may also be involved in the activity of 
the glands as, for instance, when they are activated as components in the perception 
of savory food, and in nausea. The activity may be inhibited in fear, embarrassment, 
or anxiety as well as by the injection of certain drugs. 

It is generally agreed among physiologists that each of the salivary glands is 
furnished by a double set of nerves.’ One set is composed of branches of the seventh 
and ninth cranial nerves and is responsible for the dilation of the arterioles of the 
glands. The other set comes from the sympathetic system and produces constriction 
of the arterioles of the glands. This nervous control affects the nutrition of the 
glands and so, indirectly, the amount and kind of secretion. Cerebral stimulation 
results in more watery saliva and larger quantities than sympathetic stimulation. 
The chemical composition of the secretion is also affected differently by these two 
sources of innervation. The relative amounts of salts, water, and organic material 
are altered by changes in the intensity of stimulation. The condition of the gland 
before stimulation is also a factor in determining the nature of the secretion. If, 
for instance, the gland is in a resting condition before stimulation, the increase in 
intensity of stimulation is followed first by a rise in the percentage of organic con- 
stituents, and this rise is at first more marked than the increase in the percentage 
of the salts. With further increases, however, in the intensity of stimulation, the 
increase in organic material soon ceases, and finally the amount begins to diminish. 

There are also differences in the saliva from the various glands. Parotid saliva, 
for example, contains no mucin, but is particularly rich in ptyalin. Physiologists and 
biochemists are not agreed on the basic mechanism which would account for these 
different salivas. 

The flow of saliva from the glands is the result of reflex stimulation of the secre- 
tory nerves. The sensory fibers must be chiefly fibers of the glosso-pharyngeal and 
lingual nerves supplying the mouth and tongue. Section of the cord in the cervical 
region prevents this reflex, although the sympathetic nerves are still intact. Accord- 
ing to Pavlov,‘ the various glands respond normally to different stimuli—the parotid 


* Cf. W. H. Howell, A Textbook of Physiology for Medical Students and Physi- 
cians, 10th ed., 1928, 766. 

*Cf., for example, Howell, of. cit., 767 ff. 

Ibid., 769. 
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to dry substances, the submaxillary to the sight of food, chewing of meat, and pres- 
ence of acids. Moreover, investigators have shown that there are considerable varia- 
tions in the quantitative composition of the mixed saliva of different individuals, 
and even in the same individual at different times of the day.‘ 

Most of the work that has been done with the glands from a psychological point 
of view was carried out with a view of determining the conditioning of their func- 
tions in various situations. Pavlov’s work was the first of these investigations.’ More 
recently, Cannon,” Crile,® Lashley,® and others have worked along similar lines using 
human subjects and similar techniques. These studies, however, have had to do with 
merely the increase or decrease in the amount of secretion of the gland under ob- 
servation rather than a chemical differentiation of the secretion itself under varying 
experimental conditions. 

One of the earliest attempts at a quantitative measurement of the changes in 
composition and properties of the saliva under experimental conditions was made 
by Starr.” These studies have been frequently cited in the literature. He determined 
the changes in the pH of the saliva at different times during the day and after mild 
emotional disturbances. Starr's work was also intended to establish a relationship 
between the pH of the saliva and the amount of sub-breathing in some stammerers, 
and to use it as an index to distinguish the sub-breathing from the psychopathic stam- 
merer. His working principle was that motivation is correlated with or parallels 
metabolism, that the physiological may serve as an index to the psychological. Sub- 
breathing would mean a low supply of oxygen available to the individual, an 
accumulation of waste products, and an increase in the acidity of all fluids which 
depend on the respiration for the elimination of these waste products. The venous 
blood would especially be affected and so, indirectly, the whole body. 

Starr arrives at three conclusions as a result of his work: 

The hydrogen ion concentration of the mixed saliva . . . [is] useful as an index of 
(1) the condition of the individual as to fatigue or energy at his disposal, and the 
breathing habits of the individual; (2) the degree of emotional excitement under 
which the individual is laboring at the time of the determination—thus enabling the 
constantly excited psychopath to be readily detected; and (3) the degree of excitabil- 
ity of an individual by means of a series of determinations made before, during, and 
after the application of a definitely emotionalizing stimulus.” 


These results seem to be justified conclusions from the data he has reported. The 
question that arises is the validity of these data, whether the pH of the saliva in- 
creases or decreases during excitement. If it actually increases, Starr's conclusion that 


*°O. Hammersten and J. A. Mandel, A Textbook of Physiological Chemistry, 
1911, 434. 

*I. P. Pavlov, Lectures on Conditioned Reflexes, 1928, 47-391. 

™W. B. Cannon, Bodily Changes in Pain, Hunger, Fear, and Rage, 1929, 318 ff. 

®G. W. Crile, Man: An Adaptive Mechanism, 1916, 138 ff. 

°K. S. Lashley, Reflex secretion of the human parotid gland, J. Exper. Psychol., 
1, 1916, 461-493; and The human salivary reflex and its use in psychology, Psychol. 
Rev., 23, 1916, 446-464; and Changes in the amount of salivary secretion associated 
with cerebral lesions, Amer. J. Physiol., 43, 1917, 62-72. 

 H. E. Starr, Studies of human mixed saliva: I. The determination of the hydro- 
gen ion concentration of the human mixed saliva, J. Biol. Chem., 54, 1922, 43-54; 
and II. Variations in the hydrogen ion concentration of human mixed saliva, ‘b/d., 
55-64; and The hydrogen ion concentration of the mixed saliva as an index to fatigue 
and emotional excitability, this JouRNAL, 33, 1922, 394-418. 

"Hz. E. Starr, op. cit., this JoURNAL, 416 f. 
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the psychopath has a high pH is legitimate. Because the technique involved in han- 
dling the samples is faulty in several respects, it is doubtful that the data from 
which these conclusions are drawn are reliable. Starr devises an explanation for the 
characteristically high pH which he finds in the psychopath, which seems a little 
exaggerated in face of the facts. He does not, however, make this explanation a dog- 
matic assertion. 

The validity of his results was increased, in Starr’s estimation, by the fact that 
a rather high (negative) correlation was found between the pH of the saliva and 
the amount of carbon dioxide exhaled. This means that the venous blood is more 
heavily loaded with waste products. Some of the waste material (CO,) is trans- 
ferred to the outside at the bronchioles. At the same time exhaustive studies have 
shown that the acidity of all body fluids is increased after most kinds of activity. 
We cannot, however, say that the increased CO. and the increased acidity under 
these conditions are causally related on a basis of these data alone. 

There are two inconsistencies in Starr’s third paper which seem to have escaped 
attention. They may be typographical errors, although no correction in a later publi- 
cation has been noted. We mention these errors simply because they are confusing 
and may give an erroneous impression. For example, Table 2 (p. 402) is labeled 
“The Increase in Hydrogen Ion Concentration of the Mixed Saliva Concomitant with 
Emotional Stress.” The pH values in the column headed ‘During Excitement’ are 
all higher than those of samples taken before and after the excitement. This increase 
in pH indicates a decrease in hydrion concentration. The obvious contradictions in 
this table are hardly understandable, especially since, earlier in the article, the author 
goes into some detail to explain that the pH is a negative logarithm and that as it 
gets larger, the corresponding hydrogen ion concentration decreases. 

Again, on p. 403, in discussing deep breathing and salivary pH, Starr says: 
The salivary pH of ten subjects was determined; and they were then placed out of 
doors and required to breathe “deeply and vigorously’ for 10 min., when their 
salivary pH was again determined in the usual manner. It was found that in every 
instance the pH had, at least temporarily, decreased, indicating a decrease in the 
hydrion concentration of the mixed saliva. (Italics ours.) 


Our check on the above observation shows that deep breathing increases the pH of 
the saliva, and that this increase indicates a decrease in the hydrogen ion concen- 
tration. 

Starr is successful in showing that sub-breathers have a characteristically low pH, 
and that, although the carbon dioxide content of the alveolar air is “intimately re- 
lated to’’ the pH, other factors (lactic acid) may also be the cause of the change in 
acidity. Acceptance of part of his results is, however, questionable scientific procedure 
since the technique employed does not seem sufficiently accurate. Rich has accepted 
and verified Starr’s results without, however, noting the above inconsistencies.” 

Rich also finds a characteristically high salivary pH in the hyperexcitable indi- 
vidual. This appears unusual to us, but it is not the purpose of this study to check 
the particular aspect of the earlier findings dealing with hyperexcitable individuals. 
We would expect, however, that chronic emotional excitement would result in a 


” G. J. Rich, The reaction of human mixed saliva, Quart. J. Exper. Physiol., 17, 
1927, 53-56; Bodily acidity as related to emotional excitability, Arch. Neurol. & 
Psychiat., 20, 1928, 589-594; and A biochemical approach to the study of personality, 
J. Abn. & Soc. Psychol., 23, 1928, 158-175. 
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relatively low pH of body fluids. We shall later show that even a mild amount of 
activity—often of a non-emotional character—results in a decrease in the salivary 
pH. 

We also cannot accept Starr's suggested explanation of the increased salivary pH 
which occurs during excitement. We find just the opposite to be true. Our results 
would be the more natural consequents of the proposed reason that Starr gives for 
the characteristically low pH in the sub-breather. Regarding the psychopaths, he says: 


They discharge a disproportionate amount of energy in response to an immediate 
stimulus, displaying no sense of proportion. A stimulus which would have very little 
effect upon a normal subject and none at all upon a typically dulled sub-breather, 
upsets the “equilibrium” of the psychopath completely. 


Again we would expect this equilibrium to be upset the other way. Perhaps some 
account of the breathing habits (rate and depth) of the psychopaths during the 
experiments would be of some help in answering these questions. 

There seem to be two fundamental difficulties with Starr's technique. One of 
them is the method of taking the samples, and the other is the colorimetric method 
of determining the pH. Regarding the former, it would seem that the precaution of 
collecting the sample under oil is a case of locking the barn after the horse is gone. 
Damage to the sample has been done before it reaches the oil. Spitting the saliva 
gives it plenty of opportunity for an exchange of gases with the outside air. This 
undoubtedly occurs, so that what is being measured may not be the actual pH of the 
saliva, but the carbon dioxide content of the air of the room in which the experi- 
ment is conducted. This same criticism may apply with regard to the determinations 
of Bloomfield and Huck,” and of Carlson and McKinstry” who have taken samples 
by expectoration. 

Some of the confusion in the work with the pH of the saliva that has been re- 
ported may be due in part to the use of the colorimetric technique for pH deter- 
minations.”* It is not necessary to go into detail here regarding the relative merits 
of the electrometric technique as compared with the colorimetric methods. These 
merits have been investigated and summarized by other investigators.” The con- 
venience and accuracy of the quinhydrone electrode and method of determination have 


* Starr, op. cit., this JOURNAL, 33, 1922, 416. 

* A. L. Bloomfield and J. G. Huck, The fate of bacteria introduced into the upper 
air passages ; reaction of the saliva, Bull. Johns Hopkins Hosp., 31, 1920, 118-124. 

*’V. R. Carlson and M. L. McKinstry, Some studies on saliva, with particular 
reference to the increased acidity and alkalinity, Dental Cosmos, 66, 1927, 840-849. 

** Another source of confusion lies in the use of the terms “acidity” and “pH” 
in the same article. 

*'L. E. Bayliss, P. T. Kerridge, and R. C. Verney, The determination of the hy- 
drogen ion concentration of the blood, J. Physiol., 61, 1926, 448-454. 

W. M. Clark, The Determination of Hydrogen Ions, 1928, 415 f. 

G. E. Cullen and A. B. Hastings, A comparison of the electrometric and colori- 
metric determinations of hydrogen ions, J. Biol. Chem., 52, 1922, 517-520. 

A. B. Hastings and J. Sendroy, Studies of acidosis: XX. The colorimetric de- 
terminations of blood pH at body temperature without buffer solutions, tbid., 61, 
1924, 695-710. 

C. G. Johnston, A comparison of pH determinations as obtained by means of the 
hydrogen electrode and colorimetric methods, ‘bid., 79, 1928, 297-307. 

A. P. Mathews, Physiological Chemistry, 4th ed., 1925, 433 ff. 

V. C. Myers and Edward Muntwyler, The colorimetric estimation of the hydrogen 
ion concentration of the blood, J. Biol. Chem., 78, 1928, 243-255. 
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also been reported.* We felt justified, therefore, in using the quinhydrone electrode 
in our pH determinations in this study. 

Our sampling technique as well as the procedure used in making the determina- 
tions was similar to that devised by Gaskill.” The chief advantage of this technique 
is that the opportunity for an exchange of gases is reduced to a minimum. There is 
also the advantage of a perfectly uniform sampling technique from sample to sample. 
The use of electrometric determinations also provides for a uniform procedure in 
taking the readings, and, since such small amounts of sample can be used in the 
electrode, there is also the advantage of two or three check determinations on each 
sample. Some of our colleagues have not been as fortunate as other investigators 
who have reported that they have obtained agreement (within 0.03 pH) between 
different individuals making determinations on parts of the same sample using the 


colorimetric technique. 
Part I 


In 1930, a series of experiments was carried out in the psychology 
laboratory at Ohio Wesleyan University to determine the relationship of 
the salivary pH to behavior in three or four very simple laboratory situa- 
tions. Four men were used as Ss. The samples were taken under the fol- 
lowing conditions. 


(1) Rest. For a period of 15 min., S sat in a soundproof room absolutely free 
from outside stimuli. He either sat quietly or perused a magazine composed mostly 
of pictures. Every 3 min., E, as unobstrusively as possible, took a sample of saliva. 
Every S repeated this procedure twice, each sitting being made on a different day. 
The value of these results from these periods was merely to standardize the technique 
and to familiarize § with the procedure involved in taking the samples. They cannot 
be regarded as norms by which to judge the other results. 


(2) Noise. § sat quietly for 9 min. Every 3 min., samples were taken to establish 
a norm for that day. At the end of this period, a noise was introduced by amplifying 
the sound from a victrola record on which were recorded the voices of 12 people 
all talking at once.” The first time this noise was introduced, it was a complete 
surprise to §. At the second sitting, there was some anticipation that the sound 


* W.-M. Clark, op. cit. 

G. E. Cullen and I. P. Earle, On the determination of the pH of the blood: I. 
Accuracy of the quinhydrone electrode, J. Biol. Chem., 76, 1928, 565-581; and II. 
Comparison of the hydrogen, quinhydrone and colorimetric methods, sbid., 76, 1928, 
583-590. 

R. Gesell, Regulation of respiration: XX. A quinhydrone electrode vessel and 
adapter and blood and tissue fluid collection tubes designed for pH determinations 
on small samples without loss of CO., Amer. J. Physiol., 87, 1928, 1-7. 

V. K. LaMer and T. R. Parsons, The application of the quinhydrone to electro- 
metric acid-base titrations in the presence of air and factors limiting its use in 
alkaline solutions, J. Biol. Chem., 57, 1923, 613-631. 

*” H. V. Gaskill, A method for obtaining small amounts of saliva, f Gen. Psychol., 
9, 1933, 254-255; and A method for preserving small amounts of saliva for sub- 
sequent pH determinations, ‘bid., 9, 1933, 256-257. The triple-distilled water was 
not used in the experiments described under Part II. This omission may — to 
account for some of the variability in the readings. We also used a strip of rubber 
dam stretched across the subject's mouth to prevent any possibility of mouth- 

. breathing. 

” This is special record No. 254 made by the Bell Telephone Laboratories and 

loaned to us for research purposes. 
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would occur. The record was run for 2 min. and then shut off. § remained quiet for 
another 12 min. during which time the samples were taken at the regular 3-min. 
intervals, beginning 1 min. after the noise had ceased. 

(3) Exercise Period I. After a 9-min. quiet period during which samples were 
taken at 3-min. intervals, § walked up and down three flights of stairs. The path 
was marked on the floor and was constant for all Ss. The distance selected took 
S, walking as fast as he could, 3 min. to cover. Immediately after finishing the exer- 
cise, § retired to the soundproof room and sat quietly for another 12 min. during 
which samples were taken at the regular 3-min. intervals. S was told to keep his 
mouth closed during the entire 15-min. period. 

(4) Problem. An apparatus was set up previous to this experiment similar to that 
used earlier by Dockeray.” The task demanded constant and maximum attention from 
the novice in order that he could make his choices in time to receive credit, if they 
were correct. The length of this problem was from 3—5 min. before, during, and 
after which samples were taken at the regular intervals. 

(5) Exercise Period II. The length of this period was 2 min. It was preceded, as 
in the other periods, by a rest period of 9 min. during which the saliva was sampled 
every 3 min. After the rest period, § operated a dynamometer which consisted of a 
heavy spring with a harness which fitted over the shoulders. The operation of the 
dynamometer necessitated S’s starting from a semisquatting position and then pulling 
against the spring until he attained a standing position. The return to the squatting 
position is performed slowly, and both movements are repeated rhythmically. § was 
asked to keep his breathing as regular as possible and to keep his mouth closed. A 
12-min. rest period followed during which samples were taken at the regular 
intervals. 


Results. The curves in Fig. 1 are actual curves selected from the data, 
and are representative of other curves not presented in this paper. Since 
there were only two sets of data obtained for every S, the mean was not 
computed. In tabulations of this type the mean would have very little sig- 
nificance. Even the mean of the values obtained from an S would have 
doubtful weight, since the daily deviations in the readings are both the 
natural and significant occurrence. The majority of the curves for every set 
of conditions are of the same general shape, but they occur at different pH 
levels. Each level may be perfectly normal for a particular individual on a 
particular day or at a certain time of day. The mean, then, if it shows any- 
thing, shows only the general shape of the curve. 

(1) Rest. The curves for every S resulting from values obtained while he 
was sitting quietly in a soundproof room are much the same in general 
shape. The initial rise which occurs between the 3- and 6- min. samplings 
is explained by the cessation of a large amount of activity. To reach the 
room in which the experiment was conducted, § had to go down stairs and 
to the rear of the laboratory. After taking off his coat, he adjusted his 


™ F.C. Dockeray, op. cit., 348 ff. 
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chair so that he could remain quiet for the rest of the period. The watch 
was started as soon as he sat down. As curves from the later periods will 
show, this initial effect seems to be the natural trend toward the alkaline as 
a result of rest. The increase in pH would no doubt have been more notice- 
able if the first sample had been taken earlier. 

In the case of 3 of the 4 Ss, the initial rise is followed by a decrease in 
pH. When it is remembered that for all 4 Ss this experience was only the 
second or third time they had been in a soundproof room, this decrease 
is easily explained. Both Morgan** and Ford?* report that the quiet periods 
immediately after a noise period were as much of a distraction as the noise 
periods themselves. It seems reasonable to believe that a similar situation 
exists here, that S is making some sort of an adjustment to a new and 
unusual environment. The continued downward slope of this curve might 
indicate the extent of this adjustment, although this is highly speculative. 
The curve of only one S (LB) showed a tendency toward a plateau. It will 
also be noted that this curve is in a higher pH range than any of the others. 
With few exceptions, the pH values of LB were characteristically high and 
showed the slightest variation throughout the experiment. 

(2) Noise. Here again the curves are much the same in general shape. 
Part II of this paper indicates that this similarity is probably accidental, 
possibly because of the small number of Ss used. The same initial rise is 
also present in these curves that was observed for those of the rest period. 
It will be noticed, however, that in this case and most of those to follow, 
this early rise in the curve extends over the entire preliminary period of 
9 min. whereas in the rest period, the decrease began at the end of the first 
6 min. This fact may be regarded as evidence that S is becoming accus- 
tomed to the environment of the experiment. There seems to be little or no 
variation in pH as S adjusts to the conditions of the room after he had 
been in it twice for a period of 15 min. Whatever adjustment was involved 
was evidently too small to be evidenced in the pH of the saliva or else it 
occurred before the first sample was taken. 

The graph for this period shows decreases in pH ranging from 0.10 to 
0.20 pH resulting from the introduction of 2 min. of noise. The graph 
also shows that by the time the 15 min. sample was taken, each curve had 
returned very nearly to the normal level; that is, the pH of the preliminary 
rest period for that day. Within 10 min. after the noise had been shut off, 
every curve had touched the level of the preliminary period, and all but one 


“hs J. B. Morgan, The overcoming of distraction and other resistances, Arch. 
Psychol., 5, 1916, (no. 35), 28. 

* A. Ford, Attention-Automatization: An investigation of the transitional nature 
of the mind, this JouRNAL, 41, 1929, 25. 
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showed signs of increasing still more, although not so rapidly as at first. 

The exact cause of the drop under the noise conditions cannot be definitely 
stated. The Ss remained as nearly motionless as possible so that gross mus- 
cular activity could not have been the cause. The drop might have been, 
then, the result of implicit responses. The Ss’ verbal reports gave clues as 
to the nature of these responses. They invariably reported the experience 
as “unpleasant,” and ‘“‘disagreeable.”” They were not aware, however, of any 
muscular strain while listening to the noise. Perhaps this was because they 
had not previously learned to discriminate these strain reactions. At any 
rate, the Ss’ verbal report, if taken alone, would have disclosed little if 
anything as to the nature of the effect of the noise period. 


(3) Exercise Period I. The initial rise is also apparent in these curves. 
Here, too, it may be seen that the increase is continuous up to the beginning 
of the experimental period. The noticeable difference in these curves is 
that, instead of decreasing after the exercise period, the pH in all cases 
increases, and the curves are found to rise to a higher pH level immediately 
after the exercise than at any other time during the experiment. At the 
time of these experiments, these results seemed legitimate and were ac- 
counted for in terms of the abnormally rapid and deep breathing (hyper- 
pnoea) which occurred after this rather vigorous exercise. It was thought 
possible that we were getting here the same effect as that reported by 
Starr as the result of deep breathing. 

No rigid comparison can be made of the curves obtained under these 
conditions in view of the fact that the breathing habits of no two Ss would 
be expected to be the same in this type of situation. Only general smneiaies 
and differences can be noted. 

The plateau occurring in two of the curves (HS and RP) at 6-9 min. 
after the exercise is probably due to breathing habits and has no other 
significance. 

The curve for one § (RP) does not go below the level of the rest period. 
This S$ was an athlete. He was on the varsity football squad and was, at the 
time of the experiment, out for spring practice every afternoon. This meant 
that he was in training. It seems evident that the habits developed while 
in such training tend to facilitate the removal of waste material in the body. 
It is possible that, if the experiment had been continued for a longer 
period, that is, more samples taken after the exercise period, his curve also 
would possibly have gone below the level of the rest period; but it also 
would probably not have gone as far below as the curves for the other Ss. 


(4) Problem. The conditions of this period seem to be ideal for the 
application of this method of measuring energy output. The curves for all Ss 
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show a marked decrease in pH immediately following the problem period. 
After this drop there is in every case a rise in which the curves reach a 
higher level than during the preliminary rest period. Normal breathing 
rate and the subsequent accumulation of waste products may be the cause 
for this. While it was not possible to watch S while he was at work on the 
problem used during this period, it was noticed that, in every case, the time 
from the end of the problem until the last sample was taken was punctuated 
by long, deep breaths resembling a sigh. When this occurred the first time, S 
was cautioned against it, and asked to prevent it as much as possible. Each $ 
stated his inability to do this. These deep breaths came without warning and 
were over before S could do anything about it. This evidence seems to be 
another point in favor of the automatic character of this aspect of the 
respiratory process. The accumulation of waste products in the system, 
while not enough to cause a noticeable increase in breathing rate, was 
evidently cumulative in its effect and was compensated for by only an oc- 
casional deep breath. The irregularity of these curves after the first rise 
following the drop might further serve to indicate this to be true. The vari- 
ations in the curves, however, may again be simply the result of individual 
differences. The latter is most likely to be the case. 


(5) Exercise Period II. In this period, an effort was made to overcome the 
difficulties introduced during the first exercise period by the increase in 
breathing rate. Gross bodily activity was produced, but under such conditions 
that S could control his breathing to some extent and at the same time be 
watched closely by E. It was found that control of the breathing was not 
dificult during this period, although Ss reported that they really worked 
harder during this period than during the first exercise period. 

The curve shown for this period was obtained by computing the mean 
of 10 other curves for the 4 Ss. The pH level at which it occurs is not sig- 
nificant. The reason for using the mean here was simply that the curves 
for this period were nearly all the same in general shape. This is the only 
period in which this occurred to such a noticeable extent. The slow, gradu- 
al rise during the preliminary rest period is present as in all the other 
curves. The drop after the exercise period is the greatest of any of the 
curves. The pH of the samples taken 3 min. after the exercise period was 
also lower than that of similar samples taken during previous experimental 
periods. Every other point on this curve is somewhat lower than correspond- 
ing points in the other curves. This curve does not reach the rest period 
level even at the end of the experiment. These peculiarities of this curve may 
be an indication that more energy was expended during this period than in 
any of the other experimental periods. 
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Part II 


The results obtained in the first exercise period (increased pH) did 
not seem to agree with the results obtained in the second exercise period 
nor with the results of similar work previously done with the blood.** For 
this reason, the exercise experiment was repeated in April, 1933 under 
more rigorously controlled conditions, in the physiology and psychology 
laboratories at Ohio State University. We were also interested in a further 
attempt to discover the factors involved in the salivary pH changes, and to 
determine whether the apparently smooth curves obtained in some of the 
earlier experiments were valid or attributable to the small number of sub- 
jects used. 


In the experiments of Part II, 6 Ss were used: 3 men and 3 women. Basal 
metabolisms and blood pressure showed these Ss to be normal for our purposes. 
Their diets were normal, and the experiments proper were conducted during the 
post-absorptive state. They were conducted at that time because Henderson and 
Miilet found that the salivary pH is affected by meals.” Clark and Levine,” how- 
ever, report no effect on the inorganic constituents of saliva from the ingestion of cer- 
tain types of inorganic substances. 

Instead of having S run up and down stairs, a bicycle ergometer was used. A 
strip of dental rubber dam was stretched across the S’s mouth to prevent mouth- 
breathing. A pinhole was made in the dam through which the syringe could be 
inserted. The importance of the dam became apparent in a few trials in which it was 
not used. Determinations of pH of the samples obtained without the dam were 
either inconsistent (great variability) or showed results just the reverse of those 
obtained with the dam. This alone might account for the results obtained in the 
first exercise period of Part I. In other words, the Ss did not follow directions—they 
did not keep their mouths closed all of the time; 

After a rest period of 9 min. during which samples were taken every 3 min., the 
Ss drove the bicycle for 5 min. They pedalled against a known resistance at 6.21 
km. per hour for the full time. Immediately after the exercise and while they were 
seated on the bicycle, a saliva sample was taken. Two more samples were taken at 3 
min. intervals while the Ss rested in a chair. 


Results. The results from this part of the experiment are shown in Fig. 
2. The work done by the Ss during this period ranged from 2269.92 to 
3154.57 kg.-m. There is a low positive correlation between the work done 
and the pH drop. 

A rise in the pH during the initial rest period is evidenced in the cases of 
5 of the 6 Ss. The curves for 2 (BL and EM) of these 5 Ss show a slight 


*D,. P. Barr, H. E. Himwich, and R. P. Green, Studies in the physiology of mus- 
cular exercise: I. Changes in the acid-base equilibrium following short periods of 
vigorous muscular exercise, J. Biol. Chem., 55, 1923, 495-513. 

* M. Henderson and J. A. P. Millet, Hydrogen ion determination of normal saliva, 
J. Biol. Chem., 75, 1927, 559-566. 

*°G. W. Clark and L. Levine, Inorganic constituents of human saliva, Amer. J. 
Physiol., 81, 1927, 264-275. 
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drop after the first 6 min. The curve for the sixth § (CN) shows a drop in 
PH for the initial period. The cause for the drop in the curves of BL, EM, 
and CN is obscure. The conditions under which the experiment was carried 
out may have had some effect. Instead of a soundproof room, it was neces- 
sary to perform the experiments in the regular physiology laboratory. There 
was usually some activity around the S in the preparation of apparatus. Our 
1930 experiments indicate that this distraction may have affected the pH. 
It might be held that the data from CN could be accounted for on this basis 
altogether. The fact that the curve levels off before the experimental period 
begins, however, leads us to believe that the subsequent drop was due 
largely to the exercise. 

It will be noted that in all cases there is a noticeable decrease in salivary 
pH ranging from 0.03 to 0.39 pH after the exercise. After this decrease, 
each curve shows an increase in pH, though in some cases this is very slight 
and in others extremely variable. These results are the reverse of those 
obtained in the first exercise period of the experiments described in Part I, 
but agree fully with the results of the second exercise period. We believe, 
however, that these results are the more reliable because of the added pre- 
cautions taken in sampling and in performing the exercise. 

As might be expected, the results show a positive correlation with the 
change in pH of the blood after exercise. Barr, Himwich, and Green found 
that after vigorous exercise the pH of the blood was as low as 7.04.7 
Similar results were obtained by other investigators.?* This is obviously the 
result of uncompensated acidemia. The hyperpnoea produced is insufficient 
to effect an acidotic compensation. On the other hand, Davies, Haldane, and 
Kenaway*® have shown that in the case of uncompensated alkalemia pro- 
duced by hyperpnoea, the pH of the blood may become as high as 7.85. 

In spite of the various buffer systems in the blood, a temporary decrease 
or increase in pH is quite possible, as may be seen by a simple application 
of the Hasselbalch equation: pH = pK, + log [BA}/[HA}. Considering 
the bicarbonate, carbonic acid system as an example, we may take the 
approximate values pH = 7.4, pK, = 6.1, and [BHCO,}/[H,CO,} = 
20/1 = 60/3. If the acid catabolites change merely 2% of the BHCO, to 
H,CO,, we have pH = 6.1 + log 58.8/4.2 or pH = 7.25, a decrease in 
pH of 0.15. 

Is it not likely that a similar mechanism is involved in the salivary pH 


* Op. cit., J. Biol. Chem., 55, 1923, 503. 

*C. G. Douglas and R. E. Harvard, The changes in CO, pressure and hydrogen 
ion concentration of the blood of man which are associated with hyperpnoea due to 
CO.. |. Physiol., 74, 1932, 471-489. 

* H. W. Davies, J. B. S. Haldane, and E. L. Kenaway, Experiments on the regu- 
lation of the blood’s alkalinity, #hid., 54, 1920, 32-45. 
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changes? Is it not possible also that the buffer systems of the saliva cannot 
prevent a temporary change in its pH? Indeed, the salivary glands, having a 
secretory and excretory function, are generally assumed to reflect the reaction 
of the blood. Moreover, the saliva like the urine normally contains only 
catabolic products and hardly any anabolic substances. Just as the urine 
shows a decreased pH in the case of uncompensated acidemia, so also the 
saliva may be expected to show a decreased pH under similar conditions. 

The question therefore arose as to which factors are active in changing 
the salivary pH. Does the pulmonary ventilation have any effect? Is the 
change due to the metabolism of the glands themselves? Is there actually 
a positive correlation between the pH of the blood and the pH of the saliva 
under all conditions? Henderson and Radloff*° have shown that with 
moderate anoxemia (ca. 8% O,), the pH of the blood is increased, the CO, 
content is decreased, and the amount of lactic acid does not change. If there 
is a definite positive correlation between the pH of the blood and that of the 
saliva, moderate anoxemia should also produce an increased salivary pH. 

The same 6 Ss were used in an anoxemia experiment. For this experi- 
ment, they were also in the post-absorptive state. The air to be breathed was 
a controlled mixture of N, and O, made up in a Douglas bag. The mix- 
tures were made up with a gas-meter and later analyzed with the Haldane 
gas-analyzer for the exact O, content. The percentage of O, varied from 
7.65% to 12.4%. 

Three samples of saliva were taken, at 3-min. intervals before a 5-min. 
period of breathing of the controlled mixture of air, and again at 3-min. 
intervals immediately after this anoxemia period. 

The results from this experiment are shown in Fig. 3. The initial rest 
period here is characterized by approximately the same changes that occurred 
in the initial periods of the previous experiments. After anoxemia there is a 
noticeable decrease in salivary pH ranging from 0.03 to 0.35. The recovery 
from this drop shows a wide variability among the Ss. There are, however, 
indications of a negative correlation between blood pH and salivary pH 
during anoxemia since other investigators have found that blood pH in- 
creases during anoxemia. 

This negative correlation seems to be entirely unexpected. There is no 
record in the literature of any negative correlation between the pH of the 
blood and the pH of body fluids like the saliva and urine. That the validity 
of our results is unquestionable may be seen from the fact that exactly the 
same results were simultaneously obtained by Gesell and his associates with 


® Y. Henderson and E. M. Radloff, The chemical control of breathing as shown 
by the acid-base balance of the blood under progressive decrease of O,, Amer. J. 
Physiol., 101, 1932, 647-661. 
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similar work on animals.*! Furthermore, a phenomenon of a related nature 
was just recently reported by Hubbell.*? She found a complete lack of cor- 
respondence between salivary and blood CO, capacity and titratable alka- 
linity of caries-free children and children with active caries. 

The negative correlation after anoxemia and the involved mechanism 
are explainable on the basis of Gesell’s formulation in 1925.8 At that 
time he proposed the theory that the pH of the respiratory centers is the 
specific stimulus of these centers, and not the pH of the arterial blood. He 
then pointed to evidence which seemed to indicate a possible lack of cor- 
respondence between the pH of the blood and the pH of the tissues. Part 
of the evidence consists of the results obtained by stratifying two buffer 
mixtures of different concentrations, but of the same pH, which show that 
a 1/20 solution of a NaHCO, : H,CO, buffer turns less alkaline and a 3/60 
solution of the same buffer turns more alkaline.** Gesell points to these 
results as a ‘‘striking demonstration of the possibilities in the living organism 
of the lack of correspondence between the acidity of the blood and the 
acidity of the tissues.” The relative rates of diffusion of the H,CO, and 
NaHCO, may account for the acid effect of the 3/60 solution—the H,CO, 
molecules moving more rapidly than the NaHCO, molecules and thus dis- 
turbing the ratios in the direction indicated by the color indicators. Since 
cells have semipermeable membranes and are assumed to offer great resist- 
ance to the passage of metallic cations, it may be expected that the effects 
demonstrated by the stratification experiment are much accentuated in the 
living organism. 

Similar results were obtained by Lashmet who investigated the acid effects 
of bicarbonate buffer mixtures of about the same pH on the pH of 
erythrocytes.*° He found that the greater acid effect was exerted by the 
more alkaline solution, since corpuscles suspended in a 1/20 solution took 
up more O, than those suspended in a 3/60 solution which was kept slightly 
more alkaline and was equilibrated with a somewhat higher O, tension. 
In experiments with unicellular organisms, Jacobs also found that an alka- 
line environment may exert acid effects on the interior of the cell.** 

Taking these facts into consideration, the results obtained with the 


* Unpublished. 

*R. B. Hubbell, The chemical composition of the saliva and blood serum of 
children in relation to dental caries, Amer. J. Physiol., 105, 1933, 436-442. 

*R. Gesell, The chemical regulation of respiration, Physiol. Rev., 5, 1925, 551- 


3. 

*R. Gesell, CO, and HCO, ions as specific respiratory stimulants, Proc. Soc. 
Exper. Biol. Med., 20, 1923, 345-348. 

* Unpublished work quoted by Gesell in footnote 33. 

* M. H. Jacobs, The production of intracellular acidity by neutral and alkaline 
solutions containing COs, Amer. J. Physiol., 53, 1920-21, 457-463. 
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anoxemia expefiment are not difficult to explain. It is quite possible that 
the more alkaline blood resulting from anoxemia exerts an acid effect on the 
salivary glands causing a decreased salivary pH. Or, it is not unlikely that 
during anoxemia the metabolic processes of the glands are such as to result 
in an increased production and excretion of acid catabolites. A combination 
of both of these factors is, of course, possible. 

To be sure, these results seem to conflict with the viewpoint of Hender- 
son and Radloff*? who disagree with Gesell’s formulation of the possible 
lack of correspondence between the pH of the blood and the pH of other 
parts of the body, such as the nervous system or the glandular system. They 
maintain, “the opinion that the respiratory center and nervous system gen- 
erally might be subjected to an acidotic process, even when other parts of the 
body were subjected to alkalosis, is one that is on general grounds highly 
improbable. It is almost entirely lacking in support from valid evidence.” 
Repetition of this experiment might convince these investigators of the 
validity of the results obtained. 


COROLLARY EXPERIMENTS 


In order to discover the effect of pulmonary ventilation on the pH of the saliva, 
the following experiment was performed. The CO, content of the normal expired 
air was first determined. § breathed into a Tissot spirometer for 5 min. and the air 
in the spirometer was analyzed for CO, at the end of 2 min. and also at the end 
of the 5-min. period. § then breathed a control mixture of air which contained 7.2% 
of O, for 5 min. The expired air in the spirometer was again analyzed for CO: after 
2 min, of breathing and again at the end of the 5-min. interval. 

The results obtained are summarized in Table I. It may be seen that the pulmonary 
ventilation has no effect on the pH of the saliva during moderate anoxemia, since 
the CO, content of the expired air during anoxemia is not increased, but slightly 
decreased. This would seem to contradict the results obtained by Starr.* There 
was, however, only one S used, merely to get an idea of the factors involved in 
salivary pH changes. Further experiments of this type are necessary before any definite 
conclusions can be drawn. 

Some preliminary determinations of the CO, content of the saliva by means of 
the Van Slyke technique tend to bear out Starr’s conclusion that there is a relationship 
between the CO, content of the saliva and its pH. The correlation is probably very 
low, however, although neither our preliminary results nor those cited by Starr are 
conclusive evidence on this point. 

The preliminary analysis of the CO, content before and after exercise would seem 
to indicate that the CO. is a prime factor in the changes of the salivary pH. But the 
results obtained with the pulmonary ventilation experiment point to the probability 
that the CO, is not from the pulmonary ventilation, but rather from the blood stream 
or fiom the salivary glands themselves. Here again the expected positive correlation 


* Op. cit., 648. 
* Op. cit., this JOURNAL, 33, 1922, 415 ff. 
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TABLE I 
EFFECT OF PULMONARY VENTILATION ON THE PH OF THE SALIVA 


After first 2 min. After 5 min. 


Vol. exp. 9% CO: Rate Vol. exp. % CO, Rate 
Normal 13.88 1. 2.99 14 34.76 1. 2.40 15 
Anoxemia ....18.36 1. 2.92 16 34.87 1. 2.02 17 


with the blood is noticeable, since as in the case of the saliva, known evidence 
indicates a lack of correspondence between the pulmonary ventilation and arterial pH. 
Gesell and Hartzman™ have measured the arterial pH by means of a MnO. electrode 
placed directly in the blood stream, and have thus obtained a continuous record 
of pH changes, along with respiration, blood pressure, and basal metabolism. This 
record shows the frequency of a lack of parallelism, between the pulmonary ventila- 
tion and arterial pH. In the case of the saliva, however, further work along these 
lines is very desirable. 


SUMMARY 

(1) An attempt was made to determine whether the pH of the saliva is 
a reliable and sensitive indicator of physiological changes occurring under 
conditions of noise, problem solving, rest, and exercise. The normally 
flowing saliva without any activation was used, and the pH was determined 
with the quinhydrone electrode. The Ss were in the post-absorptive state. 

(2) These results give merely a rough indication of metabolic changes 
the nature of which is not known. They show that salivary pH changes 
cannot be used as a sensitive index of behavioral changes. 

(3) Noise, problem-solving, and exercise all tend to bring about a de- 
crease in the salivary pH. , 

(4) A positive correlation between salivary pH changes and blood pH 
changes after exercise has been observed. As in the case of the blood, ex- 
ercise brought about a decrease in the pH of the saliva. This does not 
substantiate some earlier findings in this respect. 

(5) Contrary to the usual view, results were obtained showing a negative 
correlation between pH changes in the saliva and blood after moderate 
anoxemia. This is the first time that such a phenomenon has been observed. 

(6) Preliminary work indicates that CO, is the prime factor in salivary 
pH changes. But, as with the blood, so also in the case of the saliva, there 
is a lack of correspondence between pH changes and pulmonary ventilation. 
This would seem to be contrary to the findings of earlier investigations. 


®R. Gesell and A. B. Hartzman, A continuous method of recording changes in 
the hydrogen ion concentration of the circulating blood, Proc. Soc. Exper. Biol. Med., 
22, 1925, 298-300. 
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THE GALVANIC SKIN REFLEX AS RELATED TO 
OVERT EMOTIONAL EXPRESSION 


By HaroLp E. Jones, University of California 


It is known to clinical as well as to laboratory workers that conditions 
which are commonly described as ‘emotional’ may involve significant 
autonomic effects without outward signs of emotion.1 On this fact is based 
the use by psychologists of lie-detectors and complex-indicators, with various 
and multiple devices for recording circulation, respiration, and electrical skin 
resistance. It is also known, Lowever, that when emotional expression, even 
of an intense character, is registered overtly, instruments may sometimes fail 
to give evidence of visceral change. This latter failure of correlation has 
been interpreted by some writers as refuting all claims for the value of 
autonomic records in psychological investigation. 


Landis reports an experiment with 100 delinquent boys in which S, connected 
with a galvanometer, was assigned a difficult motor task.” During the course of the 
experiment 14 of the Ss became frightened, angry, cried, or showed signs of pain. 
These exhibited a much smaller frequency of galvanic response than the average 
for the total group. : 

Landis regarded such a finding as contrary to current psychological theory, and 
considered that the galvanometer had failed as an indicator of emotionality, on the 
basis of the behavior of the Ss during the experiment. Another interpretation, how- 
ever, can be offered for his results. In a given subject, implicit and overt emotional 
reactions are not necessarily concomitant, but may occur as alternative modes of 
expression. Further, we may conceive that the inhibition of overt reactions leads 
under some circumstances to an increased discharge through visceral channels; in 
such cases a negative correlation between overt and implicit response might be more 
significant than a positive correlation, as denoting a possible diagnostic value of the 
galvanic phenomena. 

In a comparison of infants with children of nursery school age, the writer has 
observed a greater galvanic reactivity among the older children,’ and has attributed 
this primarily to social inhibition and an increase of apparent emotional control, 
leading to a shift from somatic to visceral patterns of response. Gopaliswami,* 


* Accepted for publication October 21, 1933. 

1 The term is here used in the sense of ‘disturbance,’ observable either in outward 
behavior or instrumentally. There is no implication as to conscious factors. 

*C. Landis, An attempt to measure emotional traits in juvenile delinquency, 
Studies on the Dynamics of Behavior, ed. by K. S. Lashley, 1932, 285. 

*H. E. Jones, The galvanic skin reflex in infancy, Child Develop., 1, 1930, 106- 
110. 

*M. V. Gopaliswami, The psychogalvanic phenomenon in monkeys, Psychol. Stud. 
Univ. Mysore, 1, 1926, 49-56. 4 
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working with monkeys, has reported that galvanic reflexes are larger when impulsive 
acts are suppressed. Prideaux,’ makes a corresponding statement. He writes, “the 
greater the visible signs of emotion, and the greater the muscular movement, the 
less is the response on the galvanometer.” Similar to these observations is that of 
Binswanger,’ who long ago noted that a galvanic reflex is likely to occur when a 
loud sound produces an attentive reaction and an arrest of arm-leg activity; when 
the sound produces a very diffuse overt response the galvanic reflex is frequently 
missing. Relevant also is a finding by Dumas,’ that in mild emotional disturbance 
an acceleration occurs of pulse and respiration, whereas in intense shock an inhibi- 
tion occurs. 


The object of the present study was to investigate the relation between 
overt and galvanic responses for various types and intensities of stimuli, 
presented under standard laboratory conditions. The significance for psy- 
chology lies in the possible discovery of distinctive overt-implicit patterns 
of reaction. The significance for education lies in a possible contribution 
to our concepts of personality and our methods of studying personality in 
the pre-school child. The Ss were 86 pre-school children. Galvanic and 
observational data were recorded for a total of approximately 2500 stimula- 
tions. 


Technique. The galvanic reactions were obtained by a method elsewhere described,* 
using the Wechsler apparatus with certain modifications.* The galvanometer, Wheat- 
stone bridge, recording apparatus and stimulus control apparatus were in a room 
separate from S. The child was connected with the galvanometer by a pair of elec- 
trodes attached to the instep and calf of the left leg.” Sitting at a small table, on 
a chair high enough to keep his feet away from the floor, he was free to play with 
a variety of equipment provided for this purpose, and was limited in activity only 
by the requirement to remain in the chair and to avoid handling the electrodes. Overt 
reactions were recorded by judges’ ratings rather than by instrumental means, since 


*E. Prideaux, Expression of the emotions in cases of mental disorders, Brit. J. 
Med. Psychol., 2, 1922, 45. 

° L. Binswanger, Uber das Verhalten des psychogalv. Phianomens beim Assoziations 
Experiment, J. f. Psychol. u. Neurol., 10, 1908, 11. 

G. Dumas, Le choc emotionnel, Rev. PAil., 52, 1927, 337-394. 

*H. E. Jones, The galvanic skin reflex in infancy, op. cit., 107. 

*In the Wechsler circuit the current can be maintained at a standard intensity 
(0.05 milliamperes, in the present experiments) by noting readings on a micro- 
ammeter in series with S, and by making requisite potentiometer adjustments. Since, 
however, S’s resistance does not remain constant, galvanic deflections represent rela- 
tive change and are not comparable in terms of ohms unless resistance readings on the 
Wheatstone bridge are taken at each stimulation. In later galvanometric work at the 
Institute, the Darrow circuit has been employed. (C. W. Darrow, Reaction tendencies 
and eae. Studies on the Dynamics of Behavior, ed. by K. S. Lashley, 1932, 
256 ff.) 

The electrodes were of silver foil, covered with kaolin and saturated with nor- 
mal saline solution. While subject to a slight degree of polarization, the electrodes 
were found to give satisfactory service if care was taken to bandage them firmly 
and to protect them from external pressure changes. 
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it was desired to obtain a measure of emotional expression by ordinary social criteria 
rather than merely a record of gross activity. The following rating values were em- 
ployed: 

(1) = No visible or audible emotional response to the stimulus. 

(2) = Barely perceptible response, as shown by a slight overt startle, momentary 
arrest of other activity, or slight changes of facial expression or bodily position, 
usually of a quickly transient nature. 

(3) = Definite emotional reaction, as indicated by moderate overt startle, facial 
expression indicative of surprise or dislike, or avoidance reactions. 


(4) = Emotional responses indicative of disturbance or agitation beyond a mere- 
ly passing startle or anger reaction. 


(5) = Very conspicuous overt reaction, as shown by a marked bodily startle, 
vigorous avoidance reactions, incipient or actual crying. 


By means of push-buttons controlling electromagnetic markers, the observer could 
record her ratings on a polygraph beside the galvanic record. This permitted more 
continuous observation and more prompt recording than would be possible if 
written observations were required. Where possible, however, a narrative description 
was also made of the child’s responses. The observer participated at certain points 
in the stimulus schedule (as in giving oral instruction when required). A system 
of two-way signals maintained communication with the other experimenter in the 
apparatus room; the observer received no information, however, concerning the 
galvanic record. The stimulus schedule was designed to elicit reactions of the first 
three grades. Responses which could be rated as 4 or 5 were relatively rare, and 
care was taken to avoid any effect which could be regarded as in any sense 
traumatizing to the child. 

EXPERIMENT I 


Two experiments were conducted. The first involved a test and re-test (on 
different days) of 61 children, ages 26 to 92 mo. Twenty-nine of these were 
nursery school children, and 32 were like-sex twins brought to the Institute 
for the purpose of this experiment. The mean age of the nursery school 
children was 44 mo.; of the twins, 63 mo. : 


With this group, the following schedule of stimuli was used :1? 


(1) Buzzer. (An office signal buzzer, in a stimulus-box 2 ft. from the child, is 
turned on for 5 sec. Three subsequent repetitions are given.) 

(2) Bell. (An electric door-bell, in the stimulus-box, is sounded for 5 sec.) 

(3) Loud buzzer. (5 sec.) 

(4) Color mixer. (An electric motor, on top of the stimulus box, is suddenly 
turned on, rotates for 5 sec.) 

(5) White rat. (The rat is taken out of its cage and offered to the child, 
who is told, “You may pat him.” ) 


™ The apparatus was operated by the writer; observational records were made by 
Esther Robinson, Marjorie Pyles, Belle Wax, and Maye Mudge. 

“It would be desirable, in subsequent work, to present measurements of the 
physical characteristics of the galvanometer, electrical circuits, and stimuli. This has 
not been attempted in the present preliminary study. 
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(6) Noise. (A brass cylinder, toppling from the table edge, crashes to the 
floor.) 
(7) Loud voice from concealed experimenter. (‘That will be all now.”)™* 


While the foregoing may at first sight appear to be a somewhat formid- 
able list of stimuli, it should be noted that in a 30-min. period the total 
time required for these specific stimuli is less than 3 min., and that the inter- 
vening time between stimuli is occupied with play. The child’s reaction to 
the total situation was in nearly every case sufficiently favorable so that 
there was no difficulty in obtaining a re-test. The interval between stimuli 
is not constant, since marked variations occur in the rate of recovery. A 
minimum of 20 sec. was allowed, and this interval was lengthened when 
necessary to permit stabilization of the galvanic record. 

In considering the reliability of the galvanic and the overt response 
measures, our interest is in the split-half rather than in re-test correlations, 
since we are concerned with the relationship between galvanic reactions 
and overt responses in a single test. For the galvanic deflection the split-half 
correlation (corrected by the Spearman-Brown formula) is 0.84 on the 
first test and 0.92 on the second test. For the overt responses, the corre- 
sponding reliabilities are 0.84 and 0.94.'* But the measures of galvanic and 
overt response show no correlation with each other, the coefficients being 
positive but close to zero on each test. Are we to conclude that the gal- 
vanometer, at a given time, is a reliable measure of some quite specific 
physiological reactivity, but that, in Landis’ terms, it has only a “random” 
relation to psychological states?'® Inspection of the correlation charts (not 
presented in the text) suggests another interpretation; in these charts the 
scatter of cases appears to differ from what would ordinarily be expected 
in a zero correlation, involving an apparently undue proportion of cases 
which show a marked relation between deflection and overt response, and 
also an undue proportion showing an extreme dissimilarity. Wechsler, 
Crabbs and Freeman have noted," in a study of nursery school children, that 
those who gave the smallest galvanic deflections tended to be rated either 


** With the twins, four additional stimuli were given, involving mild degrees of 
frustration and startle. Data for these are not presented here, since they were omitted 
on the second test with the nursery school children. 

* A consideration of the factors of age and of initial resistance indicated that they 
could be neglected in the present study; each of these correlated approximately zero 
with median deflection. Initial resistance, however, correlated 0.80 with the final 
resistance reading taken after the last stimulation. 

* C. Landis The psychogalvanic reflex compared to other measures or criteria of 
emotion, Proc. 9th Int. Cong. Psychol., 1929, 279-280. 

*D. Wechsler, L. M. Crabbs, and R. G. Freeman, Jr., Galvanic responses of 
preschool children, Ped. Sem., 38, 1930, 203-222. 
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unemotional or highly emotional. The present study, in a tentative way, 
confirms this finding, with reference to the overt emotional response accom- 
panying the deflection. It also suggests that children who give the /argest 
galvanic deflections tend to receive either exceptionally high or exceptionally 
low ratings of overt response. A zero coefficient is proof of absence of rela- 
tionship only if the population on which it is based is homogeneous; if, 
however, some individuals manifest a positive and some a compensatory or 
negative relationship, the resulting coefficient will not yield a fair indication 
of the actual correlation structure. 


TABLE I 
Meptan Dertections (IN MM.) AND MEAN Overt Responses To Eacu StimMuLus 


(N =61. The number of cases varies slightly for each stimulus, due chiefly to the occasional 
presentation of a stimulus when the galvanometer was out of balance.) 


Test 1 Test 2 Combined Tests 


Median Mean Median Mean Median Mean 
deflece overt deflece overt deflec’ PE. overt 
Stimulus tion response tion response tion response 
22.5 I. 1.88 
1.63 
4.2 1.49 
6.8 1.42 
11.8 1.75 
1.84 
4 Color mixer 14.5 I 2.10 
7 White rat 28.9 2 1.64 
10 Noise (falling cylinder) 14.5 23.8 2.26 
11 Loud voice mag 2: 17.0 1.67 
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With this possibility in view, a further analysis was planned, comparing 
the average deflection and average overt response for each stimulus. The 
hypothesis was formulated that if the galvanometer actually measures some 
aspect of what is socially recognizable as ‘emotional disturbance,” then, in 
terms of group averages, it should classify individual stimuli in much the 
same way as the ratings of overt response to those stimuli. If some Ss react 
“implicitly” with suppression of the overt, and if others react overtly with a 
minimum discharge into visceral channels, the combination of such indi- 
viduals in a correlation chart would naturally obscure relationships. But the 
average “emotional value” of stimuli should with minor differences remain 
similar, whether measured by one method or another. 

Table I presents certain data for testing this hypothesis. The following 
summary may be given of the facts brought out by this table. 


(1) Negative adaptation to a buzzer has a similar effect on each test, 
both with regard to deflections and to overt responses. 
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(2) The introduction of a new stimulus (bell) results in an increased 
galvanic and overt response. Although the bell is louder than the initial 
buzzer, there is evidently some transfer of adaptation effect. 


(3) The color mixer elicits relatively large overt responses as compared 
with the buzzers and bell. This is probably due to the fact that the rotating 
disk, close to the child, tends to provoke a more observable and specific 
avertive response. 


(4) The white rat is a highly effective galvanic stimulus, although less 
effective in producing overt emotional expression. The reason for this may 
be assumed to be that the animal is brought before the child, without 
sudden or unexpected movements, and the child’s attention is focussed on 
an approach reaction in response to the remark “you may pat him.’’ Over 
90% of the Ss respond to this invitation, although at the same time as a 
tule showing marked galvanic reactions.7 


(5) By rank-order correlation the relationship of galvanic deflection to 
overt response is of the order of 0.6. This becomes considerably higher 
(around 0.8) if the stimulus schedule is reduced to comparable auditory 
stimuli, by eliminating stimulus (7). 


EXPERIMENT II 


Instead of reducing the number of stimuli, it would seem desirable in a 
further experiment to increase the range and variety of stimulation. This 
has been done in Experiment II, with 25 nursery school children who were 
tested and re-tested on the following schedule of 22 stimuli: 

(1) Weight comparison test. (The child is told to lift two boxes and guess 
which is the heavier. One of the boxes, containing a spring motor, whirs and 
vibrates when it is picked up.) 

(2) Dental examination. (E examines mouth with spatula and pharyngoscope.) 

(3) Color mixer. (As in Experiment I, 5 sec.) 

(4) Falling figure. (A Japanese doll topples down a ladder and falls on the table 
in front of child.) 

(5) Opening door. (Saying “Oh, I want to show you something,” E suddenly 
jumps up and opens the door to a closet, eight feet from the child.) 

(6) Rat presented. (E brings out a cage containing two white rats. At the 
moment of exposing the cage, E asks, “What are these?’’) 


(7) “Shall we let them out?’ (E places the cage on the table one foot in front 
of the child and asks ‘Shall we let them out?’’) 


* Care was taken, through a pneumatic recording of leg movement, to establish 
the fact that deflections were not produced spuriously by alterations of electrode 
contacts. 
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(8) “You may pat them.” (E removes one of the rats from the cage. Holding it 
in her hand, she moves it slowly toward the child, saying, “You may pat him.’’) 


(9) Buzzer, (as in Experiment I, 5 sec.). 
(10) Buzzer, (repeated). 

(11) Buzzer, (repeated). 

(12) Bell, (5 sec.). 

(13) Loud buzzer, (5 sec.). 


(14) Pegboard test. (The child is required to make fine adjustments in placing 
metal pegs in a pegboard. Speed is emphasized.) 


(15) Light, 200 watt. (The light is on a table at a distance of 4 ft. from the 
child; unfrosted globe; illuminated for 5 sec.) 

(16) Clip test. (E picks up a heavy spring clip and snaps it, apparently acci- 
dentally, on her own fingers, saying, “Oh, that hurts.”’) 


(17) Loud unexpected whir of motor from motion picture projector close to 
the child. (10 sec.) 


(18) Bell. (The child is invited to lift the metal lid from a glass jar containing 
candy. As he does so, a concealed bell rings inside the lid.) 


(19) Frustration. (The child is asked, “Would you like a piece of candy?” As 
he chooses one, he is told ‘‘No, not that piece!’ and the candy is withdrawn. Another 
piece is given after 10 sec.) 

(20) Head restraint. (E says, hold still,”” and while standing behind the 
child presses a stethoscope on his forehead for 10 sec.) 

(21) Music box. (Music sounds when the child opens the box.) 

(22) Loud noise. (Falling cylinder, as in Experiment I.) 


The age range of the group was from 30 to 58 mo., with a mean at 41 
mo. Apparatus conditions were similar to those of Experiment I. The ob- 
servation of overt responses was improved by utilizing two observers, who 
made independent records of each reaction.'* On the first test, the split-half 
reliability, corrected by the Spearman-Brown formula, was 0.95 for the 
galvanic deflections and 0.90 for the ratings of overt response. On the 
second test, the corresponding figures were 0.97 and 0.93. The relationship 
between these measures is again very low: the average deflection for each 
child correlated with the average overt response only 0.20 on the first test, 
and 0.25 on the second. 

The correlation of the average deflection to each stimulus with the aver- 
age overt response to that stimulus is, however, of the order of 0.8 (0.83 on 
the first test, 0.80 on the second). The significance of these correlations of 
averages lies in demonstrating that two competent observers, making ratings 


* The agreement of the two observers (average of two tests, for 25 children) 
is indicated by a correlation of 0.91. 
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of overt response independently of each other and without knowledge of the 
galvanic record, classify the emotional value of stimuli in much the same 
way that the galvanometer does. This community of function is not at- 
tributable to position in series, nor to an age factor, nor is it due to overt 
movement causing the galvanic phenomena. Whatever provocative or emo- 
tional values the observers are measuring with regard to these stimuli, the 
galvanometer is also measuring, to the extent indicated by the correlation. 

The conclusion must be made that while some stimulating situations are 
“emotionally” more disturbing than others, in the individual child one 
cannot predict the locus of the disturbance. One child may contribute 
marked galvanic reactions for a certain intense stimulus; another may show 
marked overt responses; and still another may react in both spheres of 
expression. When the results are summed for the group of children, it is 
found that this stimulus has both a high average galvanic response and a 
high average score for overt expression. Another stimulus may sum to a 
moderate value in ratings and deflections, or to a low value in each. Table 
II presents the comparative data for deflections and overt reactions, in this 
experiment. 

The general conclusions to be drawn from this table are similar to those 
from Table I. The provocative value of the first test, particularly on the 
galvanometer, is in part due to its initial position; it involves, however, an 
element of startle and unexpectedness which is effective both overtly and in 
the galvanic measurements. The factor of startle is also strikingly present 
in Stimuli (3), (9), (12), (13), (18), and (22). The response to the 
rat is less than in the preceding experiment, due to changes in the procedure. 
Stimulus (4), the falling doll, involves an element of suspense and uncer- 
tainty, but is relatively ineffective in eliciting galvanic or overt reactions. The 
frustration stimuli in the schedule (Stimuli 19 and 20) were also relatively 
ineffective. Although not included in this schedule, it was occasionally noted 
that frustration occurred through interference in S’s play, requiring him to 
stop what he was doing in order to ‘set’ the situation for the next stimulus; 
galvanic deflections were only very rarely registered at these times, although 
the child sometimes protested vocally at the interruption. In general, it 
appears to be much easier to elicit responses by auditory than by visual 
stimuli; relatively few galvanic or overt reactions were obtained to the 
bright light, in spite of the glare which the experimenters judged to be of 
almost painful intensity. Stimulus (14) was designed to measure the pro- 
vocative value of a novel and difficult test situation. With the instructions 
emphasizing rapid and accurate performance, it was anticipated that a 
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certain proportion of cases would show emotional disturbance. This proved, 
however, to be the least effective stimulus in the entire series. 

Although in general a close agreement exists in the average galvanic and 
average overt responses, certain pairs of stimuli appear to be characterized 
by different ‘patterns.’ Stimuli (18) and (22) for example, elicit nearly 
the same degree of galvanic response, but Stimulus (22) produces a much 
more marked overt response. 


TABLE II 
Mean Der ections (IN MM.) AND Mean Overt Responses TO Eacu STIMULUS 


(N =25) 


Test 1 Test 2 


Mean* Mean overt Mean* overt 
deflection response deflection response 


(1) Comparison of weights 
(2) Dental examination 
(3) Color mixer 
(4) Falling figure 
(5) Opening door 
(6) Rat presented 
(7) “Shall we let him out?” 
(8) “You may pat him.” 
(9) Buzzer 
(10) Buzzer repeated 
(11) Buzzer repeated 
(12) 
(13) Louder buzzer 
(14) Metal peg test 
(15) 200 watt light 
(16) Clip test 
(17) Projector motor 
(18) Bell in candy jar 
(19) Frustration (candy) 
(20) Head restraint 
(21) Music box 
(22) Falling cylinder 
* The correlation between mean and median deflection, for 22 stimuli, was 0.93 on the 
first test and 0.96 on the second test. The means give a slightly better differentiation of the 
responses to the milder stimuli, although because aa distribution skew they exaggerate some- 


what the typical response to the more intense stimuli. 
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We have seen that the individual child who deviates from the average 
in galvanic response has in general no tendency to deviate in the same direc- 
tion in overt expressiveness. The evidence indicates that this is not because 
the inner and outer expressions lack a common relationship to emotion. 
Rather it must be due to some mechanism which, in some children and 
under certain conditions, produces a selective rather than a general dis- 
charge. 

Further evidence on this point may be obtained from the individual 


‘ 
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records. In the first test of Experiment II, there were 6 children in 
whom crying—overt expression rated 5—occurred at some point in the 
stimulus-schedule. In the re-test, these children were (overtly) better adapted 
and no crying occurred. Analyzing the records obtained with crying, it is 
found that in one case (J.H.), crying began immediately after the first 
stimulus. Consistently low deflections were registered throughout the ex- 
periment ; on several occasions crying was manifested, with zero change in 
the resistance line. In a second case (P.F.), deflections were initially low or 
zero, but at the eleventh stimulus (first buzzer) a very large galvanic deflec- 
tion occurred, with fidgeting and whining. On the fifteenth stimulus the 
whining turned to crying; all subsequent deflections were below average, 
with several zero deflections. The remaining four cases show the following 
pattern: (a) initial galvanic reactions which are average or above average; 
(b) the emergence of crying responses later in the series; (c) all subsequent 
deflections markedly below average, or zero. 


TABLE III 
Percentace or Deriections or A Given Macnitupr, ror Each Grape or Overt Response 
% deflection greater than 


Av. overt % zero 

response No. cases deflection 5 mm. 10 mm. 15 mm. 
1.0 561 41.2 42.8 26.9 18.0 

1.§-2.0 317 19.2 67.5 47.6 34.1 

2.5-3.0 107 9.3 82.2 67.3 52.3 

3-5-4.0 29 6.9 93-1 75-9 69.0 

4.5-5.0 9 II.1 77.8 44.4 23.3 


The crying of these children should not be interpreted as indicating an 
excessively disturbing stimulus-schedule; these were children who at this 
age cried frequently in the nursery school yard, and cried in nearly all 
mental tests and physical examinations. Since the schedule was necessarily 
planned to elicit only mild emotional reactions, rare episodes involving 
crying furnish material for case records rather than for statistical treatment. 
Table III attempts a rather simple treatment of this problem by presenting 
data for the incidence of deflections of a given magnitude, in relation to 
overt responses of a given degree. 

It may be noted that as overt responses increase from (1) to (4), the 
incidence of zero deflections diminishes sharply, and the incidence of extreme 
deflections increases. But with the extremes of overt response, fewer ex- 
treme deflections are noted. The cases are so few at the extremes as to be 
only of suggestive value. 

The point which the writer wishes to emphasize is that in further experi- 
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mental work, the validation of galvanometric data must rest not upon mass 
correlational procedures, but upon a consideration of the pattern of response 
in individual cases. The hypothesis is offered, and is supported by a certain 
amount of preliminary evidence, that dynamic relationships exist between 
implicit and overt emotional expression; and that these relationships are 
not all of the same type, but may vary in a fundamental way according to 
situations and Ss. 
SUMMARY 


(1) Records of galvanic response and of overt emotional expression were 
obtained for 86 children under standard stimulus conditions. The tests 
were repeated for each S. 

(2) On four series of tests, the galvanic deflections yielded reliabilities 
(split-half, corrected by the Spearman-Brown formula) of 0.84, 0.92, 0.93, 
and 0.97. 

(3) Observational measures of overt emotional responses gave reliabili- 
ties of 0.84, 0.94, 0.90, and 0.93. 

(4) It was found that the average galvanic deflection recorded for a given 
S gave little or no prediction of his average overt response. 

(5) It was found that the average galvanic deflection recorded for a given 
stimulus agreed fairly closely with the average overt response recorded for 
that stimulus (correlations of the order of 0.8, for 22 stimuli). 

(6) From the above, and from the consideration of case records, it was 
inferred that both sorts of data possessed an emotional significance ; the mis- 
leading character of mass correlations was indicated, and the necessity of 
considering emotional relationships in terms of patterns of response in the 
individual case. 
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AN EXPERIMENTAL STUDY OF THE JAPANESE 
ILLUSION 


By C. VAN Riper, University of Iowa 


The Japanese illusion, though one of the most universal of kinaesthetic- 
visual illusions, has received scanty attention from psychologists. It occurs 
when, with crossed wrists (Fig. 1 a), the hands are clasped with thumbs 


a b d 


Fic. 1. SHOWING THE MANNER IN WHICH THE HANDS AND ARMS ARE BROUGHT 
TO THE POSITION OF THE JAPANESE ILLUSION 


down (Fig. 1b), and are then turned in toward the body (Fig. 1c) 
until the fingers point upward (Fig. 1 d). When an individual has placed 
his hands in this position (Fig. 1d) he is frequently unable to move a des- 
ignated finger, or is able to move it only after one or more false starts. 


The Japanese illusion has a brief history. Henri,’ in 1898, gave a description of 
the position with reference to the localization of tactual sensation. Burnett,’ in 1904, 
called it the Japanese illusion and considered it among other hand-positions in study- 
ing the effect of abnormal position upon the motor impulse. He explained it as the 
effect of our habitual dependence upon visual cues even when the cue no longer 
represents the actual situation. Rupp,® in 1907, named it the position of Miiller, 
described its nature, and studied its relation to reaction-time and localization of 
touch. Klein and Schilder recently made it the subject of an exhaustive introspective 
study in which they considered the nature of visual, thermal, and tactual cues.* They 
described the illusion as the result of a conflict between S’s visual cues and his 
appreciation of the postural model of his limbs, and related it to similar distortions 
of postural appreciation in nervous and mental disorders. None of these studies 
employed more than 5 or 6 Ss; the data were usually of the commentary type; and 


* Accepted for publication December 1, 1933. The study was directed by Pro- 
fessor C. A. Ruckmick. 

*V. Henri, Uber die Raumwahrnehmungen des Tastsinnes, 1898, 83-88. 

*C. T. Burnett, Studies on the influence of abnormal position upon the motor 
impulse, Psychol. Rev., 11, 1904, 371-394. 

*H. Rupp, Uber Lokalisation von Druckreizen der Hinde bei verschiedenen 
Lagen der letzteren, Zsch. f. Sinnesphysiol., 41, 1907, 182-238. 

“E. Klein and P. Schilder, The Japanese illusion, J. Nerv. & Ment. Dis., 70, 1929, 
241-263. 
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many of the conclusions were based, not upon the actual data gathered, but upon 
more or less casual observation or speculation. 

Certain of these conclusions serve as the basis for theories of explanation and 
may be stated as follows: (1) the right hand makes fewer mistakes than the left 
because finer adjustments are more habitual by it (Burnett) or because S’s postural 
model for the dominant hand is much clearer (Klein and Schilder); (2) the first 
and little fingers show fewer errors than the middle fingers (Henri) since they are 
more easily differentiated (Klein and Schilder) ; and (b) practice readily destroys the 
illusion (Rupp). 


The present investigation is concerned not so much with theory as it is 
with the statements of fact upon which the theories rest. 


THE PREFERENTIAL HAND 


Both the studies of Burnett, and Klein and Schilder have emphasized 
the point that the right hand makes fewer mistakes than the left hand. 
In explaining this they assumed that their Ss were right-handed and hence 
had more control over the fingers on the preferred hand. The present study 
originated in an attempt to discover whether this illusion could be used as 
a test diagnostic of unilateral lead. 


On the basis of the Iowa Laterality Index, a questionary concerning unimanual 
activities, 36 right-handed, 34 ambidextrous, and 22 left-handed Ss were chosen from 
a high school population of 500 to whom the index had been administered. The 
procedure was as follows: 


A ring of cloth elastic on which a number had been glued was placed on each 
finger. S was then given the following instructions. 

I am going to call out one of the numbers which appear on the rings on your 
fingers. As soon as I call it you are to move that finger up and down just once. Move 
it just as soon as you see it. If you fail on the first attempt do not try again. This 
is important. Wait for the next number. 

The numbers were called in the following order: 5, 7, 8, 3, 1, 2, 4, 6. They 
were placed on the fingers of the left hand reading from little to forefinger in the 
following order: 6, 7, 3, 4, and on the right hand in a similar fashion as 1, 8, 2, 5. 
A second series was given after the hands had been separated and replaced by put- 
ting the left hand this time over (instead of under) the right. This series was 
given in the following order: 6, 4, 2, 1, 3, 8, 7, 5. 


Results. The results of this investigation are to be found in Table I. 
It is to be noted that the totals show the reverse of the former findings, 
the right hand making almost twice as many mistakes as the left. A much 
better evaluation, however, is shown in the comparison of cases by groups. 
Half of the Ss in the right-handed group made more mistakes with the right 
hand than they did with the left. The ambidextrous and left-handed groups 
show a certain preponderance of Ss making more mistakes with their right 
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hands. We may conclude (1) that the Japanese illusion cannot be used 
as a test diagnostic of handedness, and (2) that manual preference has 
little influence on the number of errors involved. 


TABLE I 
SuHow1nc PrepoNnDERANCE OF Erroas AccorpiInc TO HANDEDNESS 
No. of cases in handedness groups 


No. opposite 
movements Rt. handed Ambi. Lt. handed 


9 
Rt. hand 1 16 
minus a 


Lt. hand 


Lt. hand 
minus 


Rt. hand 


Total mistakes Rt. hand 49 38 
Lt. hand 16 9 


The above investigation might be criticized in that not enough trials were 
given to bring out the true differences inherent in the performance of the 
two hands. That this criticism does not hold was shown by the investiga- 
tion to be described in the next section in which the effect of practice upon 
the illusion was studied. When the mistakes of the two hands are com- 
pared we find the following: 


TABLE II 
Rucut vs. Lerr-Hanpep Errors Mape sy Practice Group 


Mistakes 
Diff. 


Lt. hand Rt. hand 


3 
14 
3 
10 
73 
9 
14 
3 
34 
30 
29 
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* Thoroughly left-handed. t Partially left-handed. 


SOW 


6 2 
4 8 
8720 
4 1{ 
5 I 
6 I 
fe) 6 2 
5 1) 
3 2 I 
I 3 2 2 
RM 2 
CD Ir 
MP 13 
Ww] 6 
AH 49 
McC 21 
GH* 12 
GEt 22 
PGt 34 
JM 37 
JJt 35 
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The conclusions of the preceding investigation seem to be substantiated 
by this one. The former studies made no controlled observations concerning 
this phase of the illusion. If a trend must be seen, it must point toward 
the non-dominant hand as making the fewest errors, the differences not 
being very significant. 


PRACTICE AND THE DECAY OF THE ILLUSION 


The effect of practice on visual illusions has been carefully studied. 


Seashore and Williams,’ working on the illusion of the vertical with 3 Ss, found 
that practice gained in one thousand trials did not decrease the force of the illusion 
either for naive or sophisticated Ss. Judd,® with 2 Ss, one of whom was naive, found 
that the Miiller-Lyer illusion disappeared as a result of practice. Lewis’ found that 
the Miiller-Lyer illusion disappeared under conditions of prolonged exposure for 
all Ss, but that it remained of considerable strength when momentary exposure of 
the illusion was employed. Fliigel* found that certain illusions of reversible per- 
spective diminished greatly under repetition and in some cases disappeared. Sea- 
shore, Carter, Farnum, and Sies found that some visual illusions may be eradicated 
with practice without leaving any conscious trace of the correction, that certain 
illusions show no decrease with practice, and that subjective conditions and manner 
of presentation were important factors. Cameron and Steele found similar results 
with the Poggendorff illusion.” 


In the attempt to study the effect of practice upon the Japanese illusion, 
two investigations were carried out. 

Experiment I. The first experiment, in which 10 graduate and under- 
graduate students served as Ss, may be described as follows. 


The numeral rings were placed upon S's fingers, his hands were then placed in the 
proper position, and the following instructions were read. ; 


The experiment which you will perform consists merely of moving the finger 
whose number I call. I will put rings on your fingers; on each ring there is a 
number; I will then put your hands in an odd position; and cover them with a 
shield so you cannot see them. I shall next call out a number, and then remove the 
shield. You will look for the finger whose number I have called, and as soon as 
you see it, move it up and down just once. Do this as fast as you can. You will be 
tempted to make a second attempt if you fail, but if you do, the investigation is 


°C. E. Seashore and M. C. Williams, Normal illusions in representative geo- 
— forms, Psychol. Rev., 7, 1900, 592-599. 
H. Judd, Practice and its effects upon the perception of illusions, Psychol. 
Rev., a 1902, 27-39. 
TE. O. Lewis, The effect of practice on the perception of the Miiller-Lyer illu- 
sion, Brit. J. Psychol., 2, 1908, 294-306. 
, Fliigel, The influence of attention in illusions of reversible perspective, 
Brit. f. Psychol., 5, 1913, 357-397. 
°C. E. Seashore, E. A. Carter, E. C. Farnum, and R. W. Sies, The effect of 
or on normal illusions, Psychol. Monog., 9, 1908, (no. 38), 103-148, 
. Cameron and W. M. Steele, The Poggendorft illusion, Psychol. Monog., 
1983, 29), 83-111. 
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ruined, and I cannot use your results. Merely move the finger whose number I 
call up and down once and do it as swiftly as possible. 


After every 5 trials (8 numbers per trial) the hands were unclasped and a short 
rest period of 2 min. followed. During this interval, § was asked to give comments 
regarding his attitudes and performance. The experiment was continued until the il- 
lusion had disappeared. Fifty consecutive attempts without an error was the criterion 
of disappearance. 


Results. Of the 10 Ss, 9 were able to eradicate the illusion altogether. 
The S who failed to do so showed marked decrease in errors. The number 
of trials necessary for eradication ranged from 9 to 37 with an average 
of 24. The graphs of error-decrease with practice bear a rough resemblance 
to the traditional learning curve and show little evidence of sudden in- 
sight, a conclusion which seems borne out by the S’s reports which in no case 
indicate an intelligent grasp of the mechanics of the cross-handed pos- 
ture. The usual comment after eradication was, “No, I don’t quite under- 
stand how my hands are crossed; I merely know which finger belongs to 
the number now.” 

Several definite methods seem to have been followed by the Ss in the endeavor 
to move the finger called. One S$ sought to increase or decrease the speed of response 
or to increase or decrease the tension of his clasped hands. Another tried deliberately 
to move the finger opposite the one called, thus getting the correct finger. This was 
noted in the reports and rejected because it slowed up the response noticeably. Still 
another technique employed extraneous bodily movements: head and shoulder jerk 
to right or left according to the laterality of the finger called. All Ss declared they 
had not memorized number of finger in relation to the hand it appeared on. Some 
learned the numbers of the first and little fingers but this seemed to have little or 
no effect on the errors of those fingers. Almost all the Ss agreed that the most 
efficient method was to use none, i.e. to let the hands relax as much as possible 
and to move the finger called as soon as it was discovered. Exceptions to the above 
statement were cases CD and MP, the first of whom tensed and moved his hands sud- 
denly, and the latter who was lethargic in response and “came to know which fingers 
belonged to his right hand and which to the left’’ by means of the feel of the fingers 
he had previously moved. 


The data were analyzed to see whether certain fingers lost the illusion 
before others. No definite trend was established as may be shown by the 
following table listing the fingers in order of illusion disappearance. 

We may conclude from the above experiment then that the Japanese 
illusion tends to disappear as the result of practice; that certain factors 
other than voluntary correction for the error are important and that theories 
explaining the nature of the Japanese illusion in terms of weakness of the 
illusion in the first and little fingers do not fit the facts. 

Experiment II. The second experiment concerning the effect of prac- 
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tice upon the illusion was designed to determine what factors other than 
voluntary correction were active in accounting for the decrease in errors. 
Preliminary testing had shown the curious fact that when S looked at the finger 
called, closed his eyes, and then attempted to move it, he was often unaware that 
he had moved the wrong finger. This was not always the case but it was fre- 
quent enough even among sophisticated Ss to warrant further testing. Ten Ss were 
chosen who had never before seen or heard of the illusion. They were blindfolded, 


TABLE III 
Orper or DisApPEARANCE OF ILLUSION FOR INDIVIDUAL FINGERS 


(Boldface = fingers of right hand; regular = fingers of left hand; 1 = index figer; 4 =little finger) 
Order of disappearance Order of disappearance 


2 4 ¢ 6 8 


3 
3 
I 
I 
4 


4 
rings were placed upon their fingers, and their hands were placed in the proper 
position by E. The following instructions were read to them twice. 


I have now placed your hands in an odd position. When I remove the blindfold 
I want you to look at your hands and find the finger whose number I call. You 
must then say, ‘I see it.’ I shall then cover your hands with shield and say, ‘Move 
it.’ This you will do, up and down, just once. It is of great importance that you 
follow these instructions exactly. If you move the finger Sises I cover it with the 
shield and say, ‘Move it,’ the experiment is worthless and will be discarded. There 
is one other thing to remember: whenever you think you have moved the wrong finger 
I want you to tell me immediately. If you happen to move some finger besides the 
one called, be sure to notify me. 


During the 5th, 10th, 15th, etc. trials, § was asked specifically after each finger 
movement whether he had moved it correctly or wrongly. That this instruction was 
effective was shown by one S$ who felt the suggestion so strongly that on the 
fifth trial he declared that he had moved all fingers wrongly when as a matter 
of fact only four errors had occurred. 


Results. Despite the force of the negative suggestion, 3 of the 10 Ss 
remained naive throughout the experiment and the illusion disappeared. 
In other words 3 Ss, who thought they had never made an error, showed 
a decrease and final elimination of the errors. What was more striking 
was the recurrence of the illusion at full strength when S$ was permitted 
to watch his fingers as he moved them. One of the graphs showing the 
gradual elimination of errors and their sudden reappearance when directly 
observed is given below (Fig. 2). Each of the other 7 Ss came to realize 
during the course of the practice that certain fingers were being moved in- 
correctly. This knowledge was often inaccurate and unreliable. Three of 
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these graphs showed a sudden increase of errors immediately after S had 
first reported knowledge of an error. Two of the 10 Ss never succeeded 
in eradicating the illusion. All those who did showed a marked reappear- 
ance of errors when allowed to watch their fingers while moving them. 
We may conclude from this investigation that knowledge of the Japa- 


1 i. 
T 
Trials 5 19 ‘Ss 


Fic. 2. Curves SHOWING THE LOSS OF THE ILLUSION WITH PRACTICE 
a = curve when visual cues were withheld; b = its reappearance and loss 
when he was permitted to look at his fingers. 

(Data of LS, a naive S) 


nese illusion is not necessary for its decay or eradication through practice ; 
that the illusion may be eradicated under one set of conditions and yet 
exist in full strength under other conditions; that kinesthetic factors are 


probably more important in the eradication of the illusion than are the 
visual. 


+ 


Fic. 3. CURVE SHOWING THE GRADUAL LOSS OF THE ILLUSION WITH PRACTICE 
(Data of AH) 


INDIVIDUAL DIFFERENCES 


The Japanese illusion has been described as a normal illusion, and the 
tendency in the literature had been to stress the similarity of responses of 
different Ss. The illusion, however, varies widely in several ways, notably 
in strength as manifested by number of mistakes and ease with which 
it disappears through practice, in dependence upon visual cues, and in the 
particular fingers showing the illusion most strongly. 


Of the 200 cases tested, only 4 showed no illusion whatever. Each of these Ss 
made over 100 successful finger movements before E was satisfied that the illusion 
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did not exist. None of them had ever seen or experienced the illusion before the 
present study. At the other extreme are cases like that of the author and those of 
several of his friends in whom no amount of practice can entirely eradicate the 
illusion. The average number of trials (each consisting of 8 separate attempts, one 
for each finger) for the 10 Ss in whom the influence of practice was studied amounts 
to 35. A sample graph of successive trials of such an S is given in Fig. 3. In other 
words over 250 individual attempts to overcome the illusion were required before 
it finally disappeared. The only generalization we can permit ourselves is that the 
illusion varies widely in strength with different individuals. 

A second type of individual difference which is commonly seen is the variation 
in illusion-strength for particular fingers. Burnett has noted that his Ss as a group 
tended to favor certain fingers in erroneous movements and to fail more frequently 
in the control of one finger than of another; but that among themselves the Ss 
were quite divergent. Some data which throw more light upon these individual dif- 
ferences are presented in the following table, showing the number of mistakes per 
finger for 5 Ss. 

TABLE IV 


Mistakes Per Fincer ror § Ss In Practice TRIALS 
Finger GR JJ LR DL 


first 
second 
third 
little 


first 

second 13 
third 7 
little 13 


A trend toward fewer mistakes in the little and forefingers may perhaps be 
made out since the right forefinger and the left little finger show the fewest mis- 
takes. In so far as this is true, the earlier investigators seem to have some founda- 
tion for basing their explanations in terms of clearest differentiation or use. It 
should be pointed out, however, that the left forefinger and the right little finger, 
which are likewise differentiated and more often used, showed the greatest num- 
ber of mistakes. The total mistakes per finger for the three ‘handedness’ groups to- 
gether with other Ss chosen at random appear in the following table. The same 
lack of a definite rating of finger difficulty is apparent. 

We may therefore question any theory which bases its explanation of the illusion 
in terms of confusion in the visual perception of finger position on the ground that 
those fingers showing the least mistakes are the forefingers and little fingers which 
are most clearly differentiated or most often used. 

A third type of difference between individuals is the dependence of the illusion 
upon visual cues. Schilder and Klein mention certain cases that exhibited the illusion 
when blindfolded while the finger was touched. We found only three such cases and 
the illusion was rapidly lost in each. When visual cues are eliminated entirely and 
tactual stimulation substituted for the visual discovery of the finger called, the illu- 
sion is very rare indeed. In those cases where it does exist, it is probably due to an 


: — 
4 
6 ° 13 8 4 31 
Right 5 2 17 10 15 49 4 
6 2 12 6 16 42 
10 II 25 4 19 69 
11 56 
Left 12 59 
9 45 
5 25 


260 VAN RIPER 


interpretation of tactual stimulation in terms of visual imagery of the twisted hands. 
Two of the 3 Ss who did exhibit the illusion under these conditions reported that 
they were visualizing which finger was touched. In most Ss the tactual stimulation 
and kinesthetic sense of position seem to be so closely linked that no such con- 
fusing visual imagery may be interposed. 

One S made 65 separate attempts to move the same finger (right forefinger) 
and failed every time. At the end of the 65th trial, the end of this finger was touched. 
He moved the corresponding finger on the other hand as he had done during all of 
the other attempts. When blindfolded, he was still unable to move the correct 
finger when touched. When pricked with a pin, the other finger still made the 


TABLE V 
Torat Numser oF Errors Mape ror Each Fincer By 113 Ss 
Right hand Left hand 


No. Errors Finger No. Errors 


First 78 
Second 89 
Third gl 
Little Little 87 


345 


movement. The same result occurred when the finger was pinched till the subject 
protested. We finally succeeded in destroying the inhibition by moving the finger 
vigorously up and down and thereafter he moved it freely. He reported he felt as 
though he had lost all sense of movement in the finger until it was moved for him. 
This is a striking example of the persistence of the illusion under adverse condi- 
tions. Of course in this case the persistence under tactual stimulation is probably 
due to the force of suggestion inherent in the 65 previous failures. Other examples 
of individual differences in dependence upon visual cues are shown in the next 
section. 


We may conclude from the above experiments that individual differ- 
ences exist in susceptibility to the Japanese illusion, especially in regard 
to strength, permanence, dependence upon visual cues, and the finger 
pattern. 


KINESTHETIC vs. VISUAL FACTORS 


Any attempt to study the Japanese illusion or to explain it must con- 
cern itself with the kinesthetic and visual aspects of the experience. A 
series of investigations was therefore designed in such a way as to pro- 
vide a variation in the amount of visual cues given. These investigations 
in order of performance may be described as follows. 

(1) S was blindfolded (after he had seen the illusion demonstrated on another 
person), numeral rings were placed on his fingers, and the following instructions 
were read to him. 
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I am going to move your fingers up and down, one at a time. After I have 
moved each ger, I shall pause a moment (10 secs.) and say ‘Move!’ At this 
command you will move the same finger as quickly as you can up and down just 
once. 

This procedure was followed, moving the fingers in a predetermined random order 
until each finger had been moved thrice. E recorded the errors on a chart. 

(2) S, still blindfolded, had the following instructions read to him. 

This time I am going to touch the finger I want moved. You will move it up 
and down when I say, ‘Move!’ as quickly as you can. 

Errors were noted as before. 

(3) The blindfold was removed and a cardboard shield bearing a diagram of the 
body and fingers was held above the S’s hands so that he could not see them. The 
following instructions were then read to him. 

As you see, this chart represents the fingers of your hands in their present posi- 
tions. I am going to touch each of your fingers in random order. You will look at 
the chart and tell me the number of the finger touched. 

Errors were noted as before. 
(4) In this investigation the same position of shield was used but the instructions 


were varied to read as follows. 


This time I shall call out the numbers of the fingers I want moved. As soon as I 
have called the number, look at the chart and move the finger corresponding to that 


number. Move it as fast as you can. 


Errors were noted. 
(5) This time the chart was not used, but the shield was used as stated in the 


following instructions. 


Now I want to change the conditions a little and I shall need your thorough 
coéperation. I will call out a certain number. You will look at your fingers and 
find the one on which that numeral ring is placed. As soon as you see it you will 
say ‘I see it.’ Do nothing about it; it is important that you do not move it. I shall 
then place the shield over your hands and say ‘Go.’ You will then move it swiftly. 
Do you think you can obey these instructions to the letter? 


The procedure outlined above was repeated for each finger. 
(6) This time S watched his fingers as the numbers were called. He was in- 
structed to move the finger as swiftly as possible. 


Results. These data may be summarized as follows: (1) when the given 
finger was actually moved by the experimenter, no errors occurred; (2) 
when the given finger was touched lightly with the eraser tip of a pencil, 
the illusion occurred in only 2 Ss and was of little strength; (3) when S 
was required to identify the finger touched by means of a diagram of 
finger position, a larger number of errors occurred; (4) when S was re- 
quired to move a finger by its position on the diagram, a still larger number 
of errors occurred; (5) when he looked at the actual finger called but 
moved it under blindfold conditions, a further increase in illusion strength 
was noted; (6) when the visual cues were further strengthened by letting 
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S watch his fingers as he moved them, the greatest illusion strength was 
found. This positive increase is the more significant since practice effects 
tended to decrease the illusion in the latter trials. That there was a posi- 
tive increase despite this factor is good evidence of the importance of visual 
imagery in creating the illusion. 

The progressive increase in the illusion throughout the last three trials 
indicates that the clearer the visual cue the stronger the illusion. The ab- 


TABLE VI 
Retative IMpoRTANCE OF VisuAL 
Series 


° 3 


solute absence of illusion in the first trial indicates that kinesthetic factors 
when uncomplicated by visual cues are sufficient to orient S in this posi- 
tion without difficulty. It must be remembered that any movement of a 
finger sets up vast changes in the skin, and so we have both kinesthetic 
and tactual cues operative here. That the latter themselves are adequate 
for orientation is shown by the insignificant errors in the second series 
where tactual cues alone were given. 

In all of the above investigations the errors were noted without com- 
ment to the S. Between each investigation the hands were unclasped. 
Three trials for each finger were included in each random series. 

Corollary results. Further analysis of the data presented the following miscel- 
laneous facts. (1) The manner of crossing the arms (right over left or vice versa) 
seems to have had no effect on the illusion, since the data in Table I when checked 
according to the above positions showed nearly equal errors for both. (2) Ninety- 
three percentage of all errors are made by moving the corresponding finger on the 
opposite hand. All the data were analyzed in calculating this percentage. (3) Con- 
fusion of first and little fingers is apparent only in the series of trials where S 
was required to identify the touched finger on the shield diagram. (4) The discard- 
ing of an inefficient method in the eradication series is reflected in an immediate 
but temporary rise in the error curve. (5) In the eradication series with the naive 


| 
S 
ee] 3 4 5 6 
RB 5 6 7 10 
LS 16 18 18 19 
7 DL 4 3 6 9 
roe LR 14 20 16 17 
a EF 9 16 16 17 
i GD 9 9 9 12 
i VD 11 10 15 18 
ET 10 19 17 18 
¥ GT 15 ° ° 9 
GF 5 4 9 9 
Totals 98 105 113 138 


THE JAPANESE ILLUSION 263 


Ss, sudden insight into the nature of the illusion, #.e. the knowledge that they had 
made mistakes, was reflected by a rise in the error curve. (6) The illusion is not 
lost in one hand before the other to any appreciable degree. 


SUMMARY AND CONCLUSIONS 


We may now summarize the results of this investigation. As stated 
earlier in this paper, no attempt will be made to develop a comprehen- 
sive theory of explanation. The general nature of such a theory will, how- 
ever, of necessity be implied in any consideration of the data found. The 
following facts seem to be substantiated: (1) the Japanese illusion does 
not exist when visual cues to finger position are entir¢ly absent; (2) it 
increases in strength according to the clarity of such visual cues; (3) it 
may be entirely eradicated under one set of weak visual-cue conditions and 
yet exist at full strength when the visual factors are increased; (4) its 
disappearance through practice is not due to conscious differentiation of 
right from left hand nor of the individual fingers one from another, but 
seems rather to be a gradual and almost unconscious fusion of visual cues 
with the correct kinesthetic and tactual cues, the former being gradually 
relegated to a minor rdle, as the latter through practice increase in strength 
and vividness. When the kinesthetic and tactual cues are dominant the 


illusion disappears, but if the visual cues are then suddenly increased the 
illusion reappears in full strength; (5) individual differences show no 
consistent method of differentiation and such variations in strength and 
permanence of the illusion as do exist may be attributed to differences in 
the importance and clarity of visual cues. 
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INTENSITY-DIFFERENCE AND PHASE-DIFFERENCE AS 
CONDITIONS OF STIMULATION IN BINAURAL 
SOUND-LOCALIZATION 


By Oris C. TRIMBLE, Purdue University 


The essential physical condition for binaural sound-localization is not 
definitely known,! in spite of the fact that most of the research in this 
field has dealt more or less directly with this particular problem.* Acous- 
tic intensity, wave-phase, and the time of arrival of wave-fronts have been 
identified as effective factors, when they are dichotic or different relative 
to the two ears. But, whether one or another of these three factors is the 
essential condition for localization, or whether now one and again an- 
other, depending on the vibrational frequency of the particular stimulus- 
pattern, is the most important condition, or whether all three of these 
factors contribute to a common difference-pattern that is in itself the de- 
termining condition is still an open question.‘ The extent to which the 
different factors are normally operative is yet to be determined.® 


I. THE PROBLEM, PROCEDURE, AND EXPERIMENTAL CONDITIONS 

The purpose of the present investigation was to clarify and extend the 
experimental facts bearing on the relative réles of intensity-difference and 
phase-difference in binaural localization. The spatial characteristics of the 
phenomenal sounds that occur under the two conditions, the definite- 
ness of the localizations determined by each of the two factors, the fre- 
quency-limits of the effectiveness of each factor, and the extent to which 


* Accepted for publication pemeer 6, 1934. 

*Cf. E. G. Boring, The Physical Dimensions of Consciousness, 1933, 111 ff.; 
R. M. Ogden, Hearing, 1924, 264 ff.; and also, H. J. Watt, The Psychology of 
Sound, 1917, 175 ff. 

* See the experimental literature as reviewed by C. A. Ruckmick in a series of 
articles appearing in the Psychol. Bull. See also A. H. Pierce, Studies in Auditory 
and Visual Space Perception, 1901, sect. 1; C. E. Ferree and R. Collins, An experi- 
mental demonstration of the binaural ratio as a factor in auditory localization, this 
JouRNAL, 22, 1911, 250-297; G. W. Stewart, Binaural beats, Phys. Rev., 9, 1917, 
502-508; H. M. Halverson, Binaural localization of tones as dependent upon dif- 
ferences of phase and intensity, this JOURNAL, 33, 1922, 178-212; H. Banister, 
Three experiments on the localization of tones, Brit. J. Psychol., 16, 1926, 265-292; 
R. Gundlach and M. Bentley, The dependence of tonal attributes upon phase, this 
JOURNAL, 42, 1930, 519-543. 

*Cf. Boring, Ogden, and Watt, Jocc. citt. 

*Cf. O. C. Trimble, The theory of sound localization: A restatement, Psychol. 
Rev., 35, 1928, 515-523. 

* This investigation was made possible by a grant from the National Research 
Council. The work was done (1930-31) in the Harvard Psychological Laboratory 
under the supervision of Professor Edwin G. Boring. 
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each factor tends to modify or influence the effectiveness of the other were 
dealt with as crucial aspects of the general problem. 


These aspects were studied under three different sets of conditions. First, they 
were studied under conditions in which phase-difference and intensity-difference 
were introduced independently. Then they were dealt with when the two factors 
were opposed in function. Finally, they were investigated with the two factors re- 
enforcing each other. 

Throughout the investigation phase-difference and intensity-difference were intro- 
duced interchangeably and varied separately: first one factor and then the other 
was introduced as the variable. Later the results were separated for purposes of com- 
parison. 

The Os were graduate students and members of the staff in the Harvard Psy- 
chological Laboratory.’ They were familiar with the facts and theories of auditory 
localization, but none of them had served as O in any previous experiment in this 
field. 

The experimental set-up’ consisted of (1) an audio-frequency inductor-alterna- 
tor, (2) a tone-phraser, (3) two independent electric circuits, each including a Bald- 
win receiving phone® equipped with a rubber cup-shield, (4) a system of poten- 
tiometers and tuning units for each circuit, and (5) a relatively soundproof ob- 
servation room. This set-up made it possible to secure relatively pure tones of any 
frequency between 125~ and 1950~, and to control the phase and intensity rela- 
tions accurately. 

The experimental procedure was simple. The O was seated at a table in the 
observation room, a room apart from the room where the stimulus was controlled. 
The receivers with their rubber cups were adjusted to the O’s head so as to 
prevent the leakage of sound from one ear to the other. Then the tones were cut 
into the circuits and the phase-difference or the intensity-difference varied. Stimula- 
tion in each presentation was short, usually less than 30 sec. The observational 
period was also brief, generally less than 20 min. and there were intervals for rest 
between successive periods. : 

In every case the variable was changed through a complete cycle, #.e. phase- 
difference was changed from 0° to 180° and back to 0° again, or intensity-difference 
was changed from a 1 to 1 binaural ratio® to a 1 to 12 binaural ratio and back to a 
1 to 1 ratio again. The cycle of difference in the case of phase was determined by 
calculation,’ and in the case of intensity by experiment.” 


® The observers were Messrs. W. A. Bousfield (B), Hadley Cantril (C), Craw- 
ford Goldthwait (G), and W. A. Hunt (H), all then or since Ph.D.’s in psychology 
from the Harvard Psychological Laboratory. 

*For a detailed description of the experimental set-up, see O. C. Trimble, An 
apparatus for the study of the relative r6les of phase and intensity in sound-localiza- 
tion, this JOURNAL, 43. 1931, 638-640. 

* Western Electric (instead of Baldwin) receivers were used for the higher fre- 
quencies. 

® The values for the intensity-ratio are ratios of the resistances in the two circuits. 

” The cycle of phase-difference was calculated from the distance the induction 
points had to be moved to include 180° of phase. 

™ The Os were instructed to indicate, as intensity-difference was increased, the 
point at which the phantom-sound reached the maximal lateral position. The re- 
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In the early stages of all the experiments the Os were given no specific instruc- 
tions, but were told simply to attend closely to their auditory experiences. After 
they, on their own account, had definitely identified the phenomena under investiga- 
tion, they were given formal instructions as follows: “Attend carefully to any change 
that occurs in the localization of the phenomenal sound during each presentation, 
and record as accurately as possible the course made by the sound on the quadrilled 
chart (supplied for the purpose).” : 

Introspective reports were required occasionally, and the comments and spon- 
taneous reports of the Os were recorded. 


II. THE INDEPENDENT ROLES OF PHASE-DIFFERENCE AND 
INTENSITY-DIFFERENCE 


The purpose of the first part of the investigation was to compare in- 
tensity-difference and phase-difference as to independent effectiveness. The 
spatial characteristics of the phenomenal sounds, the definiteness of the 
localizations, and the frequency limits of the effectiveness were used as 
bases for the comparison. 


The two factors were presented interchangeably and in complete cycles. In every 
case, a series of 10 observations was obtained, first on localization as conditioned 
by one of the factors, and then again on localization as conditioned by the other. The 
results, segregated for each factor, are discussed separately in the following para- 
graphs. 

Phase-difference. In general, when the phase-relations were varied, the Os re- 
ported a complex spatial pattern of sound. Almost uniformly, they reported that 
“part of the sound-field seemed to split off and shift in a more or less uniform 
course” toward or away from the medial plane depending on the order of the 
stimulation. For the high tones, the spatial pattern seemed to be more obviously 
complex than it was for the low tones. At any rate, the ‘splitting-effect’ was always 
reported in the case of the high tones, while it was sometimes not reported in the 
case of the low tones. 

This phenomenon is generally known as the ‘double image effect,’ and sometimes 
as the “two fusions’ pattern.” It seems to be characteristic of sounds where the 
stimulus is dichotic for phase. 

The course made by that part of the sound-field which ‘split off’ was described 
as an ‘arc effect’ extending from the medial plane to a position in the direction of 
the aural axis. In the case of the low tones it extended almost if not quite to the 
aural axis; but, for the high tones, it was restricted toward the medial plane region. 

Now, this ‘arc effect’ and its dependence upon the factor of frequency have, 
also, been reported by other investigators.” However, it should be noted here, that 


sults of several such determinations were averaged to fix the amount of resistance 
that should be introduced into one circuit to give a complete cycle of intensity- 
difference. 

* See H. A. Wilson and C. S. Myers, The influence of binaural phase-difference 
in the localization of sound, Brit. J. Psychol., 2, 1908, 362-386; Banister, Joc cit.; 
Halverson, Joc. cit. 

* See H. M. Halverson, The upper limit of auditory localization, this JouRNAL, 
38, 1927, 97-106; H. Banister, The effect of binaural phase differences on the 
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these facts apply to only a part of the phenomenal sound that occurs under con- 
ditions of phase-difference, and that what has usually been referred to as the 
‘phase-effect’ is possibly a special case in auditory localization. 

The localization of the phenomenal sound in all its aspects was generally de- 
scribed, by the Os as “vague and indefinite’-—perhaps because the pattern was too 
complex for attentional analysis. At least the introspective accounts, in general, 
seemed to indicate as much. 

The extent to which phase-difference was effective for the localization of that part 
of the tonal pattern that was influenced is shown in Table I. Here the data consist 
of averages and average deviations of the maximal angular displacements of the 


TABLE I 


Tue ANGULAR DisPLACEMENT OF THE PHANTOM SouND, AS DETERMINED 
BY Puase-DirreRENCE IN THE LOCALIZATION OF 
Tones or Various FREQUENCIES 


Averages and average deviations, based upon 10 estimates of the 
angular displacement determined in each case 


Tones 


125 250% 625 


go+o 82+11 61t15 55411 
go+o goto + goto 84+9 75+18 
82+8 go+o 86+6 
goto 87+5 69+14 §2435 goto 


Tones 


1500“ 2000— 


3324 
73421 44+8 28411 
? ° 


$ 
5418 55416 52415 


? The question mark indicates that some change occurred in the localization of the phan- 
tom sound, but that the amount of deviation was not generally indicated by the O. The 
average deviations indicate that in some cases the arc cbece was greater than go°. In these 
cases the arc extended into the opposite quadrant and the amount of displacement was added 


to go. 
* Localization was reported as “extreme right.’ The O could not hear tones above 4000 
with his left ear. 


sound from the medial plane. It will be observed (1) that in the case of low tones 
phase-difference is effective for a complete lateral displacement of the phantom 
sound, (2) that the angular deviation for a tone of 1500~ is only half the 
deviation for a tone of 750~, and (3) that the upper frequency limit for the ‘phase- 
effect’ ranges from 1250 to 4000~, depending on the O. 

Intensity-difference. In this case the results turned out to be somewhat different. 
With variations in the binaural intensity-ratio the sound-field remained unified. 


localization of tones of various frequencies, Brit. J. Psychol., 15, 1925, 280-307; 
G. W. Stewart, The intensity logarithmic law and the difference of phase effect in 
binaural audition, Psychol. Monog., 31, 1922, (no. 140), 30-44, 
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All of the Os described the phenomenal sound as a single, fairly definite fusion or 
image. In no case was the ‘double image’ effect reported. 

When the intensity-ratio was altered the phenomenal sound moved as a whole, 
but its movement did not, in every case, describe an ‘arc effect’ about the head. 
Three of the Os always described the course as an arc extending from the medial 
plane to a point on or near the aural axis. Only H tended to localize the sound as 
“inside the head” and as varying along the aural axis. However, he also sometimes 
reported the ‘arc effect.’ 

TABLE II 
Tue ANGULAR DisPLACEMENT OF THE PHENOMENAL SounD, AS DeTERMINED 


BY INTENSITY-DirFERENCE IN THE LOCALIZATION OF 
Tones or Various FREQUENCIES 


Averages and average deviations, based upon 10 estimates of the angular 
displacement determined in each case 


Tones 


54+14 
68+9 
go+o 
go+o 


84+6 
goto 
goto 
goto 


625 


80+6 
87+3 
go+o 
goto 


76+11 
goto 


2000 


72 £15 
T9+5 
goto 


4000——~ 


77+6 77+8 7o+12 
8046 66+19 8645 ‘JotI5 
goto t t 


goto + goto goto goto goto 


* The values given for this O may not be exact, because in most cases the localization was 
described as “inside of the head,” in which cases he reported that the phantom-sound shifted 
along the aural axis; and because the shift indicated was uniform in extent, i.e. extended from 
the position indicated for the ear to a point midway between the ears, the deviation was 
considered as go”. 

t Localization was reported as “extreme right.’’ The O could not hear tones above 4000.~ 
with his left ear. 


The localizations were reported as “fairly clear and definite.’” Often the Os 
would report, spontaneously, that “the localizations in this case [for intensity-dif- 
ference] are much more definite than the localizations were in the other case [for 
phase-difference}.” 

The extent to which intensity-difference is effective for the localization of tones 
(the whole sound-field) is shown in Table II. The data given here indicate that 
intensity-difference is effective for the extreme lateral localization of tones of any 
frequency within the range investigated, except perhaps the tones in the upper part 
of the range. However, in these cases, the small decrease in the angle of displace- 
ment can probably be accounted for on the basis of the fact that the action of a 
common resistance is less effective in high frequency circuits than in low ones. 

The quantitative results of this part of the investgation are brought together in 
Fig. 1. Taken together, these curves show the frequency limits (within the range 
investigated) and the relative effectiveness of the two factors. 
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Summary. The quantitative data together with the introspective ac- 
counts, spontaneous reports, and casual comments already discussed seem 
to justify the following generalizations. 

(1) The phenomenal sound generated by dichotic phase tends to be more 
complex than the sound generated by dichotic intensity. 

(2) Phase-difference is effective for the localization of only one of 


za 
w 
= 
a. 
[=) 
' 
wl 
w 


0 1000 2000 3000 4000 5000 6000 7000 
TONES (DV) 


Fic. 1. CURVES OF ANGULAR DISPLACEMENT AS DEPENDENT UPON 
PHASE-DIFFERENCE AND INTENSITY-DIFFERENCE 
(Based upon the data of Tables I and II) 


the two fusions or images that ordinarily occur under conditions of phase- 
difference, while intensity-difference is effective for the localization of the 
phenomenal sound as a whole. 

(3) Localization is less clear and definite for dichotic phase than for 
dichotic intensity. 

(4) Phase-difference is effective for localization only in a limited range 
of the lower frequencies, whereas intensity-difference is effective through- 
out the entire range of frequencies investigated. 


III. LOCALIZATION WITH INTENSITY-DIFFERENCE AND 
PHASE-DIFFERENCE OPPOSED IN FUNCTION 


The purpose of this part of the investigation was (1) to determine 
the extent to which each of the two factors under consideration would 
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tend to limit or cancel the effectiveness of the other under conditions of 
antagonistic function and thereby obtain information as to the relative 
potency of the two factors in determining localization, and (2) to check 
the results already obtained. 


Here the experimental procedure was modified somewhat. Instead of introducing 
the two factors, #.e. phase-difference and intensity-difference, one at a time and al- 
ternately, both factors were introduced at the same time, one as a constant and the 
other as a variable. The two were presented alternately as constant and as variable. 
As constant each factor was adjusted for its maximal effectiveness; as variable each 
was presented in a complete cycle as before. 

The quantitative results obtained in this part of the analysis are presented in 
Tables III and IV. Table III shows the extent to which intensity-difference is ef- 
fective when it is opposed in function to a phase-difference of sufficient magnitude 
to condition the maximal angular displacement. Table IV shows the same thing 
for phase-difference when it is opposed to an optitnally effective intensity-difference. 


TABLE Ill 


Tue Extent To wuicu Intenstry-DirFeRENCE 18 EFFECTIVE WHEN IT (As VARIABLE) 
Operates ANTAGONISTICALLY WITH PHASE-D1FFERENCE (As CONSTANT 
For ITs GREATEST EFFECTIVENESS) 


Averages and average deviations, based upon 10 estimates of the angular 
displacement determined in each case 


Tones 


soon 


77£7 
82+8 87+5 7945 
goto go+o goto 
86+7 83 +10 goto 


* See first footnote to Table II. 
t See second footnote to Table II. 
TABLE IV 


Tue Extent TO wHicu Puase-Dirrerence ts ErrecTIve WHEN IT (as VARIABLE) 
Operates ANTAGONISTICALLY WITH INTENSITY-DIFFERENCE (AS CONSTANT 
For ITs Greatest 


Averages and average deviations, based upon 10 estimates of the angular 
displacement determined in each case 


Tones 


1000." 


B + §2+13 33 +11 
Cc + 78+8 
G + + 17+13 ° 
H 88+4 63 +11 


* Change in localization not consistently reported. 
ft See second footnote to Table I. 
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In each case, the given values consist of averages and average deviations of ten 
estimates of the angular displacement. 

In Table III, it will be observed that intensity-difference tends to be almost as 
effective for localization when it operates antagonistically to phase-difference as it 
is when it operates alone (see Table II). The one significant exception lies in the 
localization of the highest tone investigated. Here intensity-difference appears to be 
only about half as effective as normally; but, here again the difference may be ac- 
counted for in terms of the differential effectiveness of a common resistance in low 
and high frequency circuits. 


(=) 


0 1000 2000 3000 4000 5000 6000 7000 
TONES (DV) 
Fic. 2. CURVES OF THE EXTENT OF THE EFFECTIVENESS OF PHASE-DIFFERENCE. 


AND INTENSITY-DIFFERENCE UNDER CONDITIONS OF ANTAGONISTIC FUNCTION. 
(Based upon the data given in Tables III and IV) 


In Table IV, it will be seen that phase-difference is not nearly so effective when 
it operates antagonistically to intensity-difference as it is when it operates alone (see 
Table 1). For the two lowest frequencies investigated the effectiveness is approxi- 
mately normal; but, in the case of the 750~ tone, the effectiveness is only about 
50%, and above this point the effectiveness tends to play out much short of the 
usual frequency-limit. 

These facts together with those pointed out in the description of Table III are 
clearly observable in Fig. 2 and in a comparison of this figure with Fig. 1. 

The term angular displacement must be defined specifically. (1) The values for 
phase-difference refer to the angular displacement of the phantom sound (part of 
the phenomenal sound) from the original position (extreme lateral as determined by 
intensity-difference) to a position in the direction of the medial plane (and not on 
the side toward the ear receiving the leading phase). (2) The values for intensity-dif- 
ference refer to the angular displacement of the phenomenal sound (finally in- 
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tegrated on the basis of an increased intensity-difference) from the medial plane to 
a position on or near the aural axis (and on the side toward the ear receiving the 
stronger stimulus). 


Summary. According to the reports of the Os, localization with phase- 
difference and intensity-difference operating antagonistically is more dif- 
ficult than it is when only one of the factors is operative. But even so, the 
localization with intensity-difference as the variable was reported as less 
difficult than the localization with phase-difference as the variable. It, there- 
fore, appears (1) that the conclusions arrived at in the foregoing sec- 
tion are further substantiated by the results obtained in this part of the 
investigation, and (2) that intensity-difference is relatively more potent 
than phase-difference in determining localization. 


IV. LOCALIZATION WITH PHASE-DIFFERENCE AND INTENSITY 
DIFFERENCE OPERATING TO REENFORCE EACH OTHER 


Finally, the problem was approached from the angle of reénforcement. 
The purpose was (1) to check further the results obtained in the first part 
of this investigation; and (2) to obtain information as to the relative 
effectiveness of the two factors under conditions in which they operate 
together in the same direction. 


The two factors were again introduced together with first one factor and then the 
other operating as the variable, while the other in each case operated as a constant 
for its maximal effectiveness. But here both factors were introduced for effectiveness 
in the same direction. 

The results of this experiment are presented in Tables V and VI. Table V shows 
the extent to which intensity-difference (as variable) is effective when it operates 
together with an optimally effective phase-difference (held constant). Table VI 


TABLE V TABLE VI 


Tue Extent To wuicu Tue Extent TO WHICH 
(as Vartasie) 1s Errective WHEN It (as VaRrABLE) 18 ErrectIve WHEN It Oper- 
OpeRATES WITH AN OPTIMALLY ATES TOGETHER WITH AN OPTIMALLY 
Errective Errective INTENSITY-D1FFER- 
(as Constant) ENCE (As ConsTANT) 


Averages and average deviations, based upon = Averages and average deviations, based upon 
ten estimates of the angular displace- ten estimates of the angular displace- 
ment determined in each case ment determined in each case 


Tones 


62+10 
75418 
27411 
74411 


4 
Tones 
B 80+10 81+6 70+8 B 66 + 10 55+8 
Cc 86+4 87+5 C 49 +16 
G 70+6 69+13 65+25 G 64+10 15+7 
H 89+3 84t5 8744 H 86+5 6o+8 
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shows the extent to which phase-difference (as variable) is effective when it oper- 
ates together with an optimally effective intensity-difference (held constant). 

It will be observed in Table V that intensity-difference tends to be considerably 
less effective under the conditions of this experiment than it is when it operates 
alone (see Table II or Fig. 1). In Table VI, it will be seen that phase-difference 
is only about half as effective as it normally is when it operates alone (see Table 
I or Fig. 1). These facts are somewhat more clearly observable in Fig. 3 and in a 
comparison of this figure with Fig. 1. 

These results are surprising. Since either of the two factors is normally effective 
for the localization of the tones investigated (see Tables I and II, or Fig. 1), it 
would seem that together they should be at least as effertive as the more effective 
factor of the two. However, the two factors actually tend to limit or inhibit the 
effectiveness of each other when they operate together in the same direction. 


70 
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Fic. 3. CURVES OF THE EXTENT OF THE EFFECTIVENESS OF PHASE-DIFFERENCE 
AND INTENSITY-DIFFERENCE WHEN EACH OPERATES (AS VARIABLE) TOGETHER 
WITH THE OTHER (AS CONSTANTLY OPTIMALLY EFFECTIVE) 


The introspective data do not contribute much explanation. When phase-difference 
was involved either as variable with intensity-difference constant, or as constant be- 
fore intensity-difference was introduced as variable, the ‘double image effect’ was re- 
ported, consistently, and the localization was described as ‘‘vague and indefinite.” 
When phase-difference was involved as variable with intensity-difference already 
effective as constant, part of the phenomenal sound (already localized at the extreme 
lateral position) “appeared to split off and describe an ellipse in the direction of 
the medial plane.” When intensity-difference was involved either as a constant before 
phase-difference was introduced as the variable, or as variable with phase-difference 
already effective for its maximal effectiveness, the localization was described as “fairly 
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clear and definite.’ When intensity-difference was involved as the variable it tended 
to unite the ‘double images’ determined by- the phase-difference. 


Summary. It appears from this part of our study (1) that phase-dif- 
ference and intensity-difference are characteristically effective, and (2) that 
they tend to limit the effectiveness of each other when they operate to- 
gether in the same direction. 


V. CONCLUSION 


“Double images,” “vague and indefinite localizations,” ‘‘frequency-lim- 
ited effectiveness,” and a relatively inferior rdle are characteristic of phase- 
difference as a condition of stimulation in binaural sound-localization. 
“Unified phenomenal sounds,” “fairly clear and definite localizations,” 
“uniform effectiveness,’ and a relatively superior rdle are characteristic 
of intensity-difference. 

To the extent that localization is dependent upon the operation of 
these factors, it depends more on intensity-difference than it does on phase- 
difference. 
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RATE OF PRESENTATION IN THE METHOD 
OF SINGLE STIMULI 


By J. GARTON NEEDHAM, Princeton University 


Among the various details which must be considered in systematic dis- 
cussions of the comparison judgment, its nature and its conditions, are 
the experimental findings concerning the time-error, and especially the 
p-function of the time error.' The time-error is the relative over-estimation 
or under-estimation of the member of a pair of comparison stimuli which 
appears in a certain temporal position (either first or second) ; the p-func- 
tion of the time-error is the variation of the time-error as a function of the 
time-interval between the members of the pair. 

A survey of the experimental and theoretical background of the time- 
error has been made recently.? At that time it was pointed out that the ap- 
pearance of a relative proportion of judgments strictly comparable to that 
from which the time-error is derived may be noted in experimental data 
obtained by the “absolute method’’* or “method of single stimuli.”* This 
evidence suggests that the formulation of the problem of the time-error in 
terms of the interval which elapses between two compared, stimuli is not 
sufficiently inclusive, and that the term time-error may be somewhat mis- 
leading. Moreover, there have been various suggestions® that the so-called 
“absolute impression” may be effective to some extent in the comparison 
judgment. Such possible relationships between the methods have led to 
the adoption of the Method of Single Stimuli for the direct study of 
certain aspects of the time-error.® 

With respect to the time-error in the comparison judgment, the most 
readily available facts are those of the p-function.? The variation of the 


* Accepted for publication March 27, 1934. 

* The research reported here was undertaken by the author in the Princeton Psycho- 
logical Laboratory under a National Research Council Fellowship. 

* J. G. Needham, Time error in comparison judgments, Psychol. Bull., 30, 1934, 
229-243. 

* Cf. E. G. Wever and K. E. Zener, The Method of absolute judgments in psycho- 
physics, Psychol. Rev., 35, 1928, 466-493; S. W. Fernberger, On absolute and rela- 
tive judgments in lifted weight experiments, this JOURNAL, 44, 1932, 560-578. 

* This terminology was suggested by J. Volkmann, The method of single stimuli, 
this JOURNAL, 44, 1932, 808-809. 

° For example, those of L. J. Martin and G. E. Miller, Zur Analyse der Unter- 
schiedsempfindlichkeit, 1899, esp. 115 ff., 231; W. Kohler, Zur Theorie des Suk- 
zessivvergleichs und der Zeitfehler, Psychol. Forsch., 4, 1923, 169 ff., esp. 173. 

°C. C. Pratt, Time-errors in the method of single stimuli, J. Exper. Psychol., 16, 
1933, 798-814. 

* Kohler, Joc. cit.; Needham, The time-error as a function of continued experi- 
mentation, this JOURNAL, 46, 1934, 558-567. 
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time-interval which is involved is essentially a change in the rate of presen- 
tation of the stimuli, although a variation in the inter-pair interval also 
would involve a change in the rate of presentation. The evidence concern- 
ing the p-function of the time-error, together with the appearance in abso- 
lute judgments of displacements comparable to the time-error, leads to the 
suggestion that a regular displacement of the relative proportion of abso- 
lute judgments might result from a variation in the rate of presentation 
of the single stimuli. The present experiment was devised to test the validity 
of this suggestion. 


The experimental procedure was as follows. Absolute judgments were made upon 
singly presented tones differing slightly in loudness. A vacuum-tube oscillator- 
circuit produced an alternating current of audio-frequency range. The frequency of 
the current was controlled by the inclusion in the circuit of a variable capacity: a 
General Radio Decade Condensor (219-G) and a variable air condensor (GR 
335-Z) served this purpose. Accurate frequency calibrations were made by matching 
the tones against tones produced by another oscillator (Western Electric 6010-B). 

The current was led through an attenuator into a Western Electric ear-phone. 
The attenuator was non-inductive and non-capacitive, thus permitting variations in 
the intensity of the current without distortion. Three stages of attenuation were 
available; a range of 2 db. in steps of 0.2 db., a range of 10 db. in steps of 1 db., 
and a range of 50 db. in steps of 5 db. 

The stimulus series selected for the experiment consisted of four intensities at 
a loudness level 40 db. above an approximated RL: the frequency was constant at 
1100 cycles. The four intensities were separated by steps of 1 db.* 

The Os were instructed as follows: 

You are to be presented with single tones. The various tones will vary in intensity 
or loudness, some being more and others less intense or loud. Evaluate each tone 
with respect to its loudness and judge it as loud or weak. Employ the following 
numerical categories of report: ‘One’—Weak; “Two’—Loud. Report verbally as soon 
as possible after the presentation of the stimulus. . 


Time controls were provided by a Lewin-Schumann Zeitsinnapparat, driven by a 
synchronous motor powered by the regular University current. The 1800 r.p.m. of 
the motor were reduced by worm gearing to 20 r.p.m. upon the driving pulley from 
which the timing apparatus was driven by a belt. The 1:5 ratio of driving wheel 
to the disk of the timer reduced the speed to 4 r.p.m., or one revolution per 15 sec. 
The synchronization of the University current and careful control of the efficiency 


® The writer has been informed by Professor S. W. Fernberger that preliminary 
experiments at the University of Pennsylvania indicate that an alteration of this inter- 
pair interval results in consistent variations of the time-error. 

* The amplitude of the sound wave emitted by the earphone is assumed generally 
to be directly proportional to the intensity of the current which actuates the diaphragm. 
The intensity relationships, in db. (decibels) of two different intensities of current 
is expressed in the formula: N(db.) = 20 logy (1:/I,). Thus it will be noted that 
the stimulus series which was employed in this experiment increased in intensity on a 
logarithmic scale. 

The writer desires to express his appreciation of the invaluable suggestions of 
Professor E. G. Wever in the building and setting up of the apparatus. 
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of the gear and belt preserved the constancy of the solidly-built apparatus; irregu- 
larities were negligible and the time of revolution was accurate to 0.1 second. 

The adjustable contacts of the Ze/tsinn apparatus were wired to a common lead 
so that the closing of the circuit at any one of the contact arms actuated the primary 
circuit of a make relay. The current from the oscillator was short-circuited across 
the secondary of the relay between the attenuator and the ear-phone; when the 
secondary circuit of the relay was closed, the telephone receiver was actuated by 
the audio-frequency current for the duration of the contact. The faint click produced 
by this arrangement was reported by the subjects as having no serious influence 
upon the perception of the tone. 

The duration of each stimulus-tone was one second. The following three rates 
of presentation were employed: 


Interval between stimuli ............. 4 sec. 6.5 sec. 14 sec. 
The Zeitsinnapparat was located in a room adjacent to the experimental room; 
the E and the rest of the apparatus were in the same room with the O. The relay 
which controlled the presentation of the tones was placed in a soundproof box, 
and the manipulation of the apparatus was concealed from the O. 


TABLE I 


SHow1nc ror Eacu O ror Every Trme-INTERVAL THE VALUES OF h AND PS 
Interval between single stimuli 4 
O 4 sec. 6.5 sec. 14 sec. 


h 1.095 1.359 1.080 
PS 2.50 2.44 2.18 


Mo h 0.828 0.980 0.840 
PS 2.65 2.58 2.30 


At a given experimental session the O made 15 judgments upon each member 
of the stimulus series at each of the three rates. The rates were constant throughout 
a given part of the experimental hour; the order in which the rates were employed 
was varied haphazardly from one experimental session to the next. 

Two Os served in the experiment: Dr. O. H. Mowrer, National Research Fel- 
low, and Mr. D. E. Baier, graduate student in psychology. Each O made a total of 
360 judgments, 90 upon each stimulus, for each rate of presentation. 


The results are presented first with respect to the psychometric constants 
which were computed; the totals of 90 series of judgments at each rate 
made possible the treatment of the frquency distributions by Urban’s 
method as for constant stimuli. The use of only two categories of judgment 
resulted in two complementary frequency distributions, so that these re- 
sults are the same for either category. Table I includes the values of 4, 
the measure of precision, and of PS, which is the equivalent of the point 
of subjective equality or of Urban’s S (the two values of S being coincident) 
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in the method of constant stimuli. The computation of these values was 
accomplished by assigning to the stimulus scale the values 1 to 4; this 
obscured the actual logarithmic progression of the stimulus scale, but was 
allowed because the immediate interest of the experiment was not the de- 
termination of limens or similar measures. 

It is also possible to compute a measure of the relative proportions of the 
two judgment-categories. The value D%, which has been used as a meas- 
ure of the time-error in comparison judgments, is calculated from the for- 
mula: D% = (W —L)/N. A positive value thus represents a preponder- 


TABLE II 


SHowrnc ror Eacu O anp ror Every Time-INTeRVAL THE AMOUNT OF 
Trme-Error IN Percentace (D%) 


Interval between single stimuli 


O 4 sec. 6.§ sec. 14 sec. 


Ba 0.00 —3.12 — 16.34 
Mo +5.26 +4.18 — 10.04 
ance of judgments ‘“Weak,” a negative value a relatively larger number 
of judgments “Loud.” The magnitude of the value indicates the relative 
degree of dominance of the one or the other judgment. 
The data of Table II may be plotted on a graph which will represent 
the change in the value of D% as a function of the rate of presentation. 
Fig. 1 shows this relationship for each of the two Os. The curves are 


Mo 


Fic. 1. D% As A FUNCTION OF RATE OF PRESENTATION OF SINGLE STIMULI 


regular and well-defined ; as the rate becomes slower (the interval becom- 
ing longer) the D% is displaced downward, from positive to negative, or 
from negative to more negative. This means that with the longer inter- 
vals there is a greater proportion of judgments “Loud,” while at the shorter 
intervals the reverse is true. 
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The evidence of Fig. 1 is strictly analogous to the results for the p-func- 
tion of the time-error in successive comparison; the graphical representa- 
tions are similar to the well-known curve drawn by Kohler.’° Moreover, 
a fractionation of the data for the first and second halves of the experi- 
ment indicates that there is a marked ‘practice’ effect in the present ex- 
periment, and that to some extent this effect corresponds to that obtained 
for the p-function of the time-error."1 Fig. 2 indicates this displacement. 
However, there is in the present case some indication that at each of the 
three rates employed the values of D% tend to approach a common value 


Ba 
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Fic. 2. VALUES OF D% FOR First AND SECOND HALVES OF EXPERIMENT 


with continued experimentation; that is, the curves as of Fig. 1 tend to 
level off parallel to the abscissa. The possible significance of this fact is 
considered in the subsequent discussion. 

The correspondence between the present results and those for the p- 
function of the time-error readily suggests the operation of common factors, 
and previous formulations of the nature of the absolute judgment may 
be elaborated to account for this relationship. Wever and Zener referred 
to KGéhler’s trace theory in accounting for the presence of a ‘‘time-error”’ 
in absolute judgments; the ‘‘absolute series” upon which the judgment 
is based was assumed to ‘move downward in the intensity scale,” thus ef- 
fecting a larger number of judgments in the “Heavier” category.’* In 
terms of Koéhler’s theory of the trace this involves a shift downward of a 
“general level of sediment.” In the same manner Fernberger supplements 


” Op. cit., 159. 
Needham, this JOURNAL, 46, 1934, 558-567. 
” Wever and Zener, op. cit., 488. 


| Mo 

+ 
> N 
Dz re | 
FIRST 
HALF \ 
FIRST 
HALF | 


280 NEEDHAM 


the concept of a ‘‘definition of the categories of judgment’ with the sug- 
gestion of a “mental standard.”** In both of these instances there is the 
implication of a ‘subjective mid-point’ with the respect to which the in- 
dividual judgments are distributed. This subjective standard could be either 
‘mental’ or ‘physiological ;’ in either case it would be established as the 
result of a number of previous stimulations. 


14sec 
65SEC 
——~ 


PERCENT JUDGMENTS "WEAK 


+ 


STIMULUS SCALE ? 
—— DECREASING INTENSITY ——> 


Fic. 3. FREQUENCY DISTRIBUTIONS OF JUDGMENTS AT DIFFERENT INTERVALS 


In the present study the experimental conditions were altered by the 
variation of the rate at which the previous stimulations occurred. The 
conclusion might be drawn that the effect of a longer interval between the 
single stimuli would be a lowering of the subjective mid-point, attributable, 
for example, to the natural decay of individual or cumulative traces. The 
data would seem to confirm this possibility; either the PS or the D% 
may be taken as an index (in stimulus terms) of the level at which the 
standard of judgment was established, and the progressive shift of these 
values as the rate of presentation became slower would then signify the 
downward displacement of the ‘standard’ or ‘absolute series.’ 

The displacement which occurred may be evaluated more fully by 
means of Fig. 3, which represents for each O the observed frequency dis- 
tributions upon the same four stimuli at the three different rates of presenta- 
tion. The curves are drawn for the judgments “Weak ;” because only two 
categories of judgment were employed the curves for judgments “Loud” 
would be exactly the reverse in direction but otherwise identical. 


* Fernberger, op. cit., 576 f. 


| 
Ba Mo 
10 
Jf / J ‘ 
Py “4 
fs 
Sy 
° 
a3 


THE METHOD OF SINGLE STIMULI 281 


Two matters of general observation may be discussed in terms of Fig. 3. It is 
apparent that the data of this experiment are consistent with certain principles of 
psychophysics; the frequency distributions are all, to a greater or less extent, in 
accordance with the criterion of an ogival or S-shaped curve. That this is to a large 
extent a function of the selection of a stimulus scale is no new argument; a primary 
condition of the method of constant stimuli is that the stimuli shall be selected to 
give a distribution of this sort.’* On the other hand, it may be of equal importance 
to bear in mind that any results of this type, whether the method be that of absolute 
or of comparison judgment, are largely a function of the arbitrary ‘universe’ or 
‘world’ within which the experimenter requests the O to distribute his reports.” 

A second observation follows. An inspection of Kéhler’s data discloses that in 
some manner the p-function of the time-error is most closely identified either with 
the equality judgments or with the distribution of judgments upon pairs of stimuli 
which are objectively equal. Lauenstein referred to different parts of the curve of 
the p-function as the “range of equality’ and the “range of uncertainty.” In a 
previous study of the p-function of the time-error the writer was strongly inclined 
to believe that the time-error was almost entirely a function of the intermediate range 
of the stimulus-scale, although whether this range was to be defined in stimulus- 
terms or in terms of the distribution of the ‘equal’ judgments could not be deter- 
mined. A comparable displacement of the D% now appears in data wherein an 
intermediate category of judgment is not involved. Moreover, it seems reasonable to 
state that the displacement was very definitely carried by judgments upon the inter- 
mediate members of the stimulus series; the validity of this inference is discussed 
below. 


Further interpretation of Fig. 3 is rendered extremely hazardous by 
certain dogmas and tenets, especially those of psychometric theory. What 
is indicated by the values of 4 in Table I is equally apparent from Fig. 3: 
there is for each O a certain rate (6.5 sec. interval) at which the ‘best 
discrimination’ occurs; the distribution curves at this rate most nearly ap- 
proach the ideal S-shaped or ogival form, and consequently the fitting of 
a phi-gamma function to them can be accomplished most satisfactorily,¥* 
while the greater values of 4 are indicated in the relatively steeper slopes. 
On the other hand, the Os themselves were able to report that their per- 
formance was ‘best’ at these same rates; in neither case is there provided any 
true insight into the true nature of the ‘best’ discrimination. 

Moreover, the application of the phi-gamma treatment not only may be 


* E. G. Boring, Urban’s tables and the method of constant stimuli, this JoURNAL, 
28, 1917, 282. 

* Cf. Boring, Is there a generalized psychometric function?, this JoURNAL, 35, 
1924, 75-78. 

**Q. Lauenstein, Ansatz zu einer physiologischen Theorie des Vergleichs und der 
Zeitfehler, Psychol. Forsch., 17, 1932, 130-177, esp. 169 f. 

*™ Needham, this JouRNAL, Joc. cit. 

* Determination of a measure of ‘goodness of fit’ supports this statement. 
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little less than a reflection of the performance of the O, but also it may 
tend to obscure certain apparent differences. Thus, another possible infer- 
ence from the psychometric constants of Table I is not equally valid; the 
reference is to the PS or the D%. These values, in the present data, lend 
credence to the suggestion that with a slower rate there is a downward 
displacment of the ‘mental standard’ or ‘absolute series.’ This displacement 
is not entirely apparent from Fig. 3. If statistical criteria are neglected, it 
would seem possible to state that such displacement of judgments as oc- 
curs is mediated by the judgments upon the intermediate members of the 
objective stimulus-scale. Although it is obvious that the possibility of dis- 
placement is least for the extreme values, greatest for the intermediate 
range, nevertheless it may be seen that at the extreme stimulus-magnitudes 
the frequency values for a given judgment vary irregularly through a limited 
range, while for the intermediate members of the stimulus-scale the dis- 
placement of observed frequency is regular and consistent through a much 
wider range. 

It would be entirely possible to derive from the different observed frequencies 
at a given stimulus-value the statistical significance of their differences. One such* 
possibility, the calculation of the probable error of the difference from the values 
of the standard deviations of the individual frequencies, assumes equal ‘normality’ 
for the two frequencies. Another, a factorial analysis, assumes ‘normality’ in one 
instance as against another. In such data as those under discussion the writer finds 
no basis for the assumption of either absolute or relative normality. Each observed 
frequency is significant for the given conditions. 


It would seem more in accord with the assumption of the displace- 
ment of a mental standard or of the mid-point of a subjective scale to find 
in Fig. 3 a regular, more or less parallel, upward or downward shift of 
the entire distribution. Here again the direct evidence is more informative 
than statistical inference. A number of experiments upon the absolute judg- 
ment have impressed upon the writer the validity of the suggested “‘defini- 
tion of categories of judgments” or “‘construction of an absolute series ;” 
however, the evolution and operation of this subjective scale should be 
treated in terms of the extreme stimuli and not in terms of a hypothetical 
standard or mid-point. Stated in simple terms, the facts seem to be that 
the O, upon being confronted by a situation in which he must assign cer- 
tain values to a given series of stimuli appearing in random order, first 
‘learns’ to ‘recognize’ the boundaries within which he is judging, and to 
assign to these limiting stimuli the relatively more correct judgment. The 
establishment of these correct responses is constant under certain con- 
stancies of conditions; in the present study the change of conditions did 


THE METHOD OF SINGLE STIMULI 283 


not distort this permanency, while in another study certain conditions were 
found to break down various of these correct responses without having any 
effect upon others.'® 

It is germane to the trend of the discussion to note that this formulation 
of the ‘response’ of the O is in agreement with the O’s estimate of his be- 
havior, as well as with the E’s evaluation of O's performance. Thus Mo 
reported that he “‘recognizes the extreme stimuli and guesses at the rest.” 


The preceding discussion has made an arbitrary distinction between the ‘uni- 
verse’ within which the O is expected to make his judgments and the ‘conditions’ 
under which this universe is presented. It is obvious that there is a multitude of these 
conditions, both objective and subjective, many of which can never be analysed. 
However, the distinction may prove useful as a starting point in the clarification 
of the multiform experimental findings with respect to errors of judgment. For 
instance, it was noted above (p. 279) that the characteristic practice effects of 
experimental repetition upon the p-function of the time-error in comparison judg- 
ments are not observable in the present data. It seems reasonable to argue as 
follows. In the case of a change in the rate of presentation in the method of single 
stimuli, the same ‘universe’ is involved throughout. With repetition of the experi- 
ment, the various ‘conditions’ being continually and haphazardly intermixed, the 
judgment of the ‘universe’ becomes more or less independent of the ‘conditions,’ 
simply because the ‘universe’ is constant throughout. On the other hand, the com- 
parison judgment of successively presented stimuli, when the time-interval separating 
them is a continually changing variable, involves for the O characteristically dif- 
ferent ‘universes; for example, the relative effectiveness of the standard (first) 
stimulus upon the judgment is different with the different intervals. In this case the 
various ‘universes’ will tend to maintain their differences during a period of repeti- 
tion, and thus opposed displacements become a function of the experimental prox- 
imity of different ‘universes.’ 


The critical trend of the preceding discussion has been destructive 
throughout. It represents an attempt to phrase the theory of judgment more 
in terms of the O and less in terms of a strict psychophysical relationship. 
It opens the way for an increased significance of ‘set’ and ‘attitude.’ It 
makes essential a further investigation in which inter-serial effects are 
emphasized.?° It does not necessarily exclude the operation of some factor 
such as that involved in Kéhler’s trace theory or Lauenstein’s gradient 


# G. Needham, Contrast effects in judgments of auditory intensities, J. Exper. 


Psychol., 18, 1935. Of a number of studies which formulate an hypothesis of 
judgment as a function of the extreme stimuli, an outstanding example is that of H. L. 
Hollingworth. The central tendency of judgment, J. Philos., 7, 1910, 461-469. It is 
interesting to note that this paper has been cited extensively with reference to the 
time-error in comparison judgments; however, Hollingworth’s discussion is burdened 
by the notion of a ‘‘central tendency’’ which is not applicable to all situations, and 
pe presence of an “indifference point’’ is contradictory to the time-error and related 
ata. 
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theory; it does suggest that such hypotheses must have specific rather than 
general reference. Finally, it raises again the whole question as to the true 
nature of discrimination with its many related problems. 


SUMMARY 

(1) Absolute judgments upon singly presented stimuli (auditory in- 
tensities) were made with a high degree of consistency. 

(2) A variation of the rate of presentation resulted in a displacement 
of the relative preponderance of one or the other category of judgment. 

(3) This displacement corresponded to that found for the time-error 
in comparison judgments with different time-intervals. 

(4) The displacement appeared to be mediated in the intermediate 
range of the stimulus-series. 


*® The work of Fernberger, although limited in scope, indicates the significance 
of this effect even in the case of the comparison judgment, where the presence of a 
standard stimulus might be expected to minimize it. See S. W. Fernberger, Inter- 
dependence of judgments within the series for the method of constant stimuli, 
J]. Exper. Psychol., 3, 1920, 126-150. 
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SOME PSYCHOLOGICAL DETERMINANTS OF THE LEVEL 
OF ASPIRATION 


By JEROME D. FRANK, Harvard University 


In a previous article’ the hypothesis was advanced that the average dif- 
ference between the level of aspiration in a task and the level of past 
performance in that task depends on the relative strength of three needs: 
(1) the need to make the level of aspiration approximate the level of future 
performance as closely as possible; (2) the need to keep the level of 
aspiration high regardless of the level of performance; (3) and the need 
to avoid failure. In this article, the data obtained from the experiments 
outlined in the preceding study will be evaluated with a view to illustrating 
certain hypotheses concerning the factors determining the relative strengths 
of these needs. 

The material of the experiments consisted of three tasks, each involving some 
simple repeated performance, the goodness of which was measured on an objective 
quantitative scale. The tasks may be designated as Printing (P)—printing stand- 
ardized words against time, a motor task with a performance scale of speed; Quoits 
(Q)—pitching rings onto a stick, a motor task with a performance scale of accu- 
racy; Spatial Relations (S)—doing sections of the Kelley Manipulation of Spatial 
Relationships Speed Test? against time, an intellectual task with a performance 
scale of speed. The Ss were college and graduate students. In the experiments the 
Ss were taken singly. The tasks were grouped in three pairs, each pair being given 
to one third of the Ss. There were 25-27 repetitions of each task distributed over 
two sessions. After each repetition § was told how well he had done in terms of 
the performance scale, and asked to state how well he intended to do on the next 
repetition, in terms of the same scale. S’s statement of his intention was regarded 
as his level of aspiration at the time. 


The need to approximate the level of future performance as closely as 
possible may presumably be reduced to the need to keep in touch with 
reality, a need which pervades the life of all individuals not in insane 
asylums. In so far as the level of aspiration is determined by this need, 
it may be said to represent an objective estimate of a future level of per- 
formance on the basis of a past level of performance. As such, for each 
S it should deviate scarcely at all from the level of past performance, once 
there is no longer reason to anticipate improvement with practice. Further- 
more, the average differences between the level of aspiration and the level 


* Accepted for publication February 24, 1934. 

*Cf. J. D. Frank, Individual differences in certain aspects of the level of aspira- 
tion, this JOURNAL, 47, 1935, 119-128. 

* Cf. T. L. Kelley, Crossroads in the Mind of Man, 1928, 171 f., 184 f. 
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of past performance for all the Ss should be closely and symmetrically dis- 
tributed about zero. The histograms Q, P, and S of Fig. 1, showing the 
actual distribution of the differences in the three tasks, demonstrate clearly 
that this is not the case. It may be concluded that the need to make the 
level of aspiration approximate the level of future performance is not the 
sole determinant of the height of the level of aspiration in these experi- 
ments. 
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Fic. 1. FREQUENCY DISTRIBUTIONS OF THE DIFFERENCES BETWEEN AVERAGE 
LEVEL OF ASPIRATION AND MEDIAN LEVEL OF PERFORMANCE 
(Q = Quoits, P = Printing, S = Spatial Relations) 


The scores contained in these diagrams represent the difference between the 
average of the levels of aspiration and the median of the levels of performance 
immediately preceding each of them.’ In calculating this measure, the first few 
trials of each session were omitted, as in these the anticipation of improvement 
through practice markedly influenced the level of aspiration. Positive scores mean 
that the average level of aspiration was higher than the median level of past per- 
formance; negative scores, that it was lower. 

It will be noted that the great majority of the scores are positive in ‘Printing’ 


* Cf. Frank, op. cit., 122, for a discussion of this measure. The scores are in terms 
of the units of the performance scale in each of the tasks—seconds in ‘Printing’ and 
in ‘Spatial Relations,’ and number of rings in ‘Quoits.’ 
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and ‘Quoits,’ while the distribution of scores in ‘Spatial Relations’ is also skewed 
in this direction, albeit to a lesser degree. 


The first problem, then, is to investigate the factors which interfere 
with the Ss’ ‘sober’ judgment, causing the level of aspiration to differ ap- 
preciably from the level of past performance, either positively or nega- 
tively. At least two such determinants are assumed to exist in these experi- 
ments. The first is the need to avoid failure, which drives the level of aspira- 
tion below the level of past performance. More often apparent is the need 
to keep the level of aspiration high regardless of performance. It is assumed 
that both these needs have their roots in the ego-level. 


The concept-of the ego-level is taken from Hoppe, who defines it as the “wide- 
embracing goals of the person . . . which extend far beyond the single task .. . 
{and] ... are related to the self-regard (Selbstbewusstsein) of S.’* These goals rep- © 
resent social as well as individual aspirations. The individual desires to do well, not 
only for his own personal satisfaction, but also to improve his position with regard 
to the social environment: ‘The relationship between the ego and the social environ- 
ment is of essential significance for the behavior of the level of aspiration. . . . 
Successes and failures are chiefly evaluated with respect to the significance of the 
single person as a social being.’ The ego-level tends to be kept high at all costs. 
Since the level of aspiration in a particular task is part of the ego-level, it may 
be presumed to have this property also. As failure is a threat to the height of the 
ego-level—a performance below S’s level of aspiration endangers his opinion of his 
ability and lowers the ‘value’ he has assigned himself—the need to avoid it may 
also be assumed to spring from the drive to keep the ego-level high. As a result, 
the involvement of the ego-level in a task will make § want to do well on the one 
hand, tempting him to set his level of aspiration too high, but will also, in some 
cases, increase his fear of failing, leading him to set his level of aspiration safely 
below his level of performance. Excluding those rare cases in which the needs 
exactly counterbalance each other, the involvement of the ego-level should cause the 
level of aspiration to deviate—sometimes positively, sometimes negatively—from the 
level of past performance. 


The ego-level may be said to be involved in a task when S regards his 
level of performance as an expression of his own worth, either in his 
own eyes or in the eyes of others. Two fairly objective criteria of the in- 
volvement of the ego-level are the presence of self-competition, and of 
consciousness of social pressure. 

A self-competitive attitude was assumed to be indicated by remarks re- 
vealing that S wanted to do well for his own sake, accompanied by exer- 
tion in the tasks. 


The scores given in the following examples were calculated as described above. 
The abbreviation preceding each score indicates the task and session in which it 


“F. Hoppe, Erfolg und Misserfolg, Psychol. Forsch., 14, 1930, 32. 
Ibid., 34. 
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was obtained: P = Printing, Q = Quoits, S = Spatial Relations; Q, = Quoits in 
the first session, S: = Spatial Relations in the second session, etc. 

S 16, P; made constant remarks such as “I gotta increase my speed!’’ In P, these 
remarks were completely absent. Score: P:, +3.3; P2, +0.5. 

S 11, P;, showed considerable self-competition: ‘‘I wanted to do it faster than 
I did before.” In P: the self-competition was even stronger: ‘I wanted to do it faster 
than I had done it at all before.”’ Scores: P,, +4.0; Ps, +6.9. 

S 3, S:, showed no self-competition throughout most of the task: ‘First tried to 
set a time I could make, toward close set a time I couldn’t make, see how close I 
could come.” In S:, the competition became greatly intensified: ‘““When I cracked 
off one at twenty seconds I got an awful jolt. That immediately got me very inter- 
ested in making twenty again.”’ Scores: S:, +0.8; Sz, +3.9. 


S was assumed to show awareness of social pressure when he showed 
himself to-be acutely conscious of the presence of the E, as shown by 
restlessness, becoming easily flustered, nervous laughter, blushing, and 
undue facetiousness. 


S 9 was tense and ill at ease in both sessions. Despite strong autonomic symp- 
toms, he vigorously denied that he had any feelings in the course of the tasks. If he 
made an error he became flustered. Scores: P:, +-5.7; Si, +3.8; P., +6.0; S2, +5.0. 

S 30 was excessively self-conscious in the first session. He could hardly speak at 
first. He showed considerable tension. At the close he said, “I felt like a person 
going up to an instructor.’” He was voluble in describing his emotions, but at the 
close he said that he made them all up. Scores: Qi, +3.9; S:, +1.9. 


Certain Ss showed both marked self-competition and strong social pres- 
sure. As is to be expected, the scores of these Ss deviate markedly from zero. 


S 12, S,: “Worried about it. Somewhat terrorized. Couldn’t be sure as to how 
far I could trust these newfangled scientists. Felt 1 was more or less in competition.” 
Of S, he said, “This time I didn’t feel it meant anything in the way of accomplish- 
ment. No feelings this time.” Scores: S,, +5.7; S2, +2.5. 

S 10 was extremely uneasy in the first session. His voice quavered, he blushed, 
and laughed with embarrassment. He said: ‘There was an emotional desire to bet- 
ter myself each time—a hope of exceeding the mark so as to be proud of yourself.” 
Scores: P,, +4.0; S:, +5.5. 

S 29, Q., was uneasy and tense. He said, “Would like to play quoits some more 
just to see how good I really could be. Would like to push back the barrier all day, 
see how good I really could get.”” Score: Q2, +5.4. 


As is to be expected when dealing with such complicated processes as 
those mirrored in the level of aspiration, competition and social pressure do 
not always cause the average level of aspiration to deviate markedly from 
the median level of past performance. This may be due either to a balancing 
of the need to avoid failure and the need to keep the level of aspiration 
high, or to a compensatory strengthening of the need to keep in touch 
with reality. In either case an unstable situation is produced as shown by 
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the facts that the small average difference between level of aspiration and 
level of performance usually appears in only one of the two tasks in a 
session. 

Two particular situations seem to favor this outcome. The first is the 
superimposition of a hetero-competitive attitude on the self-competitive one. 
The fact that the S begins to measure his level of performance against 
others seems to have a sobering influence (see the discussion of S 21 
below.) The other situation is a particular type of social pressure in which 
the S bends all his efforts towards pleasing the E by following directions 
as Closely as possible. If he interprets the instructions to mean that his level 
of aspiration should be an objective estimate, he attempts to make it one, 
usually with only temporary success. 

S 6 in the first session put himself entirely at the E’s disposal. He asked, “Do 
you want me to slow up if I find I'm doing it faster than I said?” He refused to 
do anything without the E’s express permission; apologized for asking questions; 
addressed E as “‘Sir.’’ Also, he showed considerable tension. His voice tended to 
quaver; he smiled embarrassedly ; Scores: P,, —0.1; but S:, —4.0. 

S 36 in the first session was extremely silent, always said “Sir,” and wore a con- 


stant sheepish grin. He had needed permission from home to take part in the 
experiment. Scores: S,, +0.4; but Qi, +1.8. 


Finally, a few Ss show no trace of either social pressure or self-com- 


petition in certain sessions. In these cases, presumably the only need operat- 
ing is that to make the level of aspiration approximate the level of future 
performance. As a result, the scores of these Ss approximate closely to zero. 


S 17, Qs: “Sometimes my mind wandered. I stopped trying after I reached my 
level of aspiration.” Score: Q., +0.4. 

S 31, Qi: “I didn’t even remember what I'd said.” In Q: there was the same 
apathetic attitude: “Don’t care whether I get them on or not.” Scores: Qu, +-0.2; Q., 


+0.8. 
S 16, Pz: was thoroughly self-possessed, and said, “I took the task indifferently.” 


Score: P2, +0.5. 

S 33 (same form as S 16), S:: was apathetic in general, and said, “I was getting 
bored towards the end. It has no bearing on my life.” Score: S,, —0.5. 

The hypothesis that the involvement of the ego-level, as revealed by 
self-competition or social pressure, usually causes the average level of 
aspiration to deviate from the median level of past performance, is con- 
firmed by a statistical summary of the data. The statistical summary is given 
in Table I. The scores have been divided into four groups, as follows: 
(1) those obtained when both social pressure and competition were mani- 
fest; (2) those obtained when either social pressure or competition, but 
not both were manifest;* (3) those obtained when it seemed clear that 


* The “exceptions” referred to above were included in this group. 
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no trace of competition or social pressure was present; and finally, (4) 
scores which do not clearly fit into any of the above categories. The alge- 
4 braic average (since we are here interested in the extent of the deviations 
from zero regardless of sign) is given in the table for each of these groups 
for each of the three tasks. 


TABLE I 


ALGEBRAIC AVERAGES OF THE DirFERENCE BETWEEN AVERAGE LEVEL OF 
AsPIRATION AND Mepi1an Levet or Past PERFORMANCE 


The columns represent the groups, and the rows represent the tasks. In row N are given the 
number of cases on which the average immediately below is based. 
P=Printing, Q=Quoits, =Spatial Relations. 


I 2 3 4 
Social Pressure Social Pressure Neither Social 
Task and or Pressure nor Doubtful 
Competition Competition Competition 
N 4 18 7 18 
Alg. Av. 3.72 2.57 £49 1.96 


N 2 14 4 27 
Alg. Av. 3-75 1.84 0.§2 1.52 


N 4 18 12 14 
Alg. Av. 5.95 2.¢2 0.90 2.45 


In Table I the averages in Column 1 are roughly from 3-7 times as 
large as those in Column 3, while those in Column 2 are approximately 
2-3 times as large as those in Column 3. The hypothesis thus receives 
tentative confirmation. 


That the differences in Column 3 are perhaps not as close to zero as the hypo- 
thesis would lead us to expect may be due in some degree to the inclusion of a 
few individuals in this group who, though they felt social pressure or competition, 
succeeded in completely concealing it. The same explanation almost certainly holds 
for the high values in the ‘doubtful’ group. An individual may feel a very marked 
degree of social pressure or competition and still conceal it sufficiently so that its 
presence cannot be determined with certainty. 


It has so far been assumed that the involvement of the ego-level in the 
task will usually strengthen either the need to avoid failure or the need to 
keep the level of aspiration high, at the expense of the need to make the 
level of aspiration approximate the level of performance. It remains to 
consider briefly certain factors which seem to determine which of these 
needs the involvement of the ego-level will strengthen most. 

Considering first those cases in which the involvement of the ego-level 
drives the level of aspiration below the level of past performance, two 
types can be distinguished. In the first, § feels the need to keep his level 
of aspiration high and inhibits it, thus allowing the need to avoid failure 
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to predominate. In an effort to conceal his involvement, the S$ ‘falls over 
backwards’ and sets his level of aspiration unduly low. 


S 2, S,, seemed utterly disinterested and remarked at one point, “I'll be dropping 
off to sleep next!’’ But he also said, “When I gave tco low a time I got flustered,” 
and the following week admitted that he had a “‘splitting headache” after S:, pre- 
sumably because of trying so hard. Score: S,, —2.0. 

S 5, P, said, “Sort of irritating to work against time. Something says, ‘slow up, 
what's the use’.” In Ps, he said, “Lack of last time’s feeling of being irritated at 
myself for hurrying.” Scores: P;, —1.1; P., +0.1. 

S 23, first session, was very self-conscious. He continually made remarks inadvert- 
ently revealing involvement, and then immediately retracted them or “turned them 
off.” E.g. in P; in the middle of a trial he said, “Is it over half a minute yet-—I mean 
over two minutes?’’ He asked how the others did, immediately disowning an in- 
terest in the answer. In Q, he said, “If I were up against competition I could 
do much better—competition in children.” In the second session he no longer at- 
tempted to conceal his involvement, especially in Q.: “I ought to get better, shouldn't 
I?” After a bad repetition: “Discouraging!’’ Scores: P;, —1.8; Q,, —1.9; P., —0.1; 
Qs, +1.2. 

In the second type of case in which the fear of failure predominates, all 
one can say is that the need to avoid failure is constitutionally strong. 
These Ss seem to be haunted by fear of failure in whatever they undertake. 

S$ 25 said, “I like to have a margin and like to keep a little above it. Probably 
sounds as if I'm afraid to take a chance. I would never enter a thing unless I 
thought I'd be successful.’’ Scores: Qi, —1.0; S,, —1.8; Q., —2.0; S2, —2.5. 

The S§ (used in another experiment) who established the record negative score 
for Printing (—7.6) gave striking evidence of the important rdle of the fear of 
failure in his everyday life.’ 

The greatest number of negative differences is found in Spatial Relations (see 
Chart S, Fig. 1 above). Here the presence of a conflicting level of aspiration prob- 
ably played a part. In this task, it was impossible to eliminate the desire to be 
accurate. As a result, some Ss, with possibly a high level of aspiration as regards 
accuracy, set their level of aspiration as regards speed low in order to decrease the 
possibility of making errors. 

Only one of the influences causing a predominance of the need to keep 
the level of aspiration high will be discussed here. It is a plausible hy- 
pothesis that the tendency to keep the level of aspiration above the level 
of past performance depends to a large extent on the degree to which the 
task is in the plane of unreality, as this concept is used by Lewin. He writes: 
“The plane of reality may be characterized briefly as the plane of ‘facts’ 
... The more unreal planes are those of hopes and dreams. . . . In a plane 
of unreality one can do what he pleases.’’* In these experiments, the greater 


* Cf. Frank, op. cit., 127. 
* Cf. K. Lewin, Environmental forces in child behavior and development, Hand- 


book of Child Psychology, 2nd ed., 1933, 617. 
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the extent to which the task is in the plane of unreality, the more easily 
can S$ refuse to take his failures seriously. As a result, he can keep his 
level of aspiration higher than the meat who soberly realizes that the 
failures are his own fault. 

The data fortunately yield some check on this assumption. According 
to Lewin, the ‘‘play” situation is characterized by being much less bound 
by the laws of reality than is the non-play situation: ‘The play field . . 
shows . . . a most immediate relation to the unreality of air castles and 
wish ideals.”® It follows that the presence of a “‘play’’ attitude should 
tend to increase the positive difference between the average level of as- 
piration and the median level of past performance. The play attitude 
was most frequently apparent in Quoits. This task has the fewest nega- 
tive scores (see Chart Q, Fig. 1 above). More direct evidence is given 
by certain Ss who showed a more pronounced play attitude in one ses- 
sion of Quoits than in the other. In accordance with the hypothesis, the 
score of the Ss is more highly positive in the session in which the play at- 
titude was more pronounced. 

§ 28, Q:, said, “Ah, a game!” “This is fun!” “Quoits are in the line of sport, 
play.” In Q:, he said, “The bad first trial made me tense.” Scores: Q,, +1.9; 
+0.8. 

S 21, Q: said, “This is like ‘who makes the first million.’ I think I'll go to 
Coney Island tomorrow, make money!” At the close, he started a discussion about 
games. In Q, his increased seriousness was shown by such remarks as: “The ‘bull- 
ing’ session is over.” “I’m not going to let it get over my head!”” He was more 
tense and less loquacious. It is interesting that this S’s sudden determination to be 
more “realistic” was accompanied by the introduction of a hetero-competitive at- 
titude. In between sessions he had compared the goodness of his level of perform- 
ance with that of a friend, with the result that in the second session he was deter- 
mined to better his friend’s mark. Scores: Q: +1.0; Q. —0.4. 


This hypothesis receives some statistical support in Table II. The play 
attitude is not a strong enough determinant to bring out significant dif- 
ferences between those Ss who showed a play attitude and those who did 
not. Hence only those Ss are considered who showed a play attitude in 
one of the two sessions but not in the other, where no change in degree 
of involvement (which would confuse the issue) was apparent. 

It so happens that all of these Ss manifested the play attitude in Q, 
but not in Q,. To show that the difference in averages obtained does not 
depend on the session, the averages of the remaining scores in Q, and Q, 
are also given. 

It should be mentioned that 6 of the 7 crucial cases have a more posi- 
tive score in the “play” than in the “less play” session while one shows 


Ibid., 618. 
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no difference. That the difference is not due to the session is shown by 
the fact that the remaining Ss show a more highly positive score on the 
second session (columns 3 and 4). Table II thus affords tentative support 
for the hypothesis that the average difference between the level of as- 
piration and the level of performance is more positive, the more marked 
the play attitude—other things being equal. 


TABLE II 


ARITHMETICAL AVERAGES OF THE DIFFERENCES BETWEEN AVERAGE LeveL OF ASPIRATION AND 
Mep1AN LeveL or PERFORMANCE IN QuoiTs 
Ss Showing Play Remaining Ss 
I 2 3 4 
“Play” Less “Play” Qi Q. 
(Q:) 


Arith. Av. +1.51 +0.56 +1.25 +1.75 
No. cases 7 7 17 16 


A final bit of evidence that the unreality of the situation increases the 
positive value of this difference is given by two Ss, for both of whom Print- 
ing represented a realistic everyday life situation, whereas Quoits presum- 
ably did not. For both these Ss, the average difference between level of 
aspiration and level of past performance in Printing is between zero and 
one, while in Quoits it is greater than one. 

S 13, P,, said, “I was typing for four hours last night and I have the keyboard 
in mind.” He suggested that it would be interesting to see the effect on his level 
of performance if the letters were arranged as in a typewriting keyboard. At the 


close he said, ‘Printing involved my momentary interest, typewriting.’’ Scores: 
P,, 0.0; +1.7. 

S 24, Ps, worked during the summer stamping bundles, and took part in speed 
competitions at this work. While working he remarked, “I don’t think I'd get a 
job with that sort of printing!’ At the close he said, “Printing was work, Quoits 
was a game.” Scores: P;, +0.5; Qi, +2.1. 


Summary. It is suggested that the size of the difference between the 
average level of aspiration and the median level of past performance is 
due to the involvement of the ego-level of the individual in the task, as 
shown by self-competition or social pressure. These are assumed to strength- 
en either the need to avoid failure, or the need to keep the level of as- 
piration high, usually the latter.| The fear of failure is assumed to domi- 
nate as the result of a desire to conceal involvement in the task, leading to 
over-compensation of the need to keep the level of aspiration high, or as 
the result of a broad individual factor.\The need to keep the level of 
aspiration high influences the score more strongly, the greater the ‘un- 
reality’ of the situation, as revealed by a ‘play’ attitude. The data afford 
sufficient support for these hypotheses to justify further experimentation 
on them. 
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MEASUREMENTS OF THE INFLUENCE OF RECENCY 


By Epwarp L. THORNDIKE, Columbia University 


Experiments in multiple-choice learning, performed for other purposes, 
provide new facts concerning the influence of recency, which this article 
will report. In all these experiments, the subject (S) was confronted with 
a situation—say a word—and required to choose one from a specified 
set of responses—say some number from 1 to 10. Later he was confronted 
with the same situation and required to choose from the specified set of 
responses, as before. This continued for 4 or 5 or 10 trials. His response in 
each case produced an after-effect in the shape of some announcement by 
the experimenter (E), such as Right or Wrong, but we shall keep all such 
after-effects constant in measuring the influence of recency. What hap- 
pened between the first and second, second and third, third and fourth, 
etc. occurrences of the same situation was, in all cases, the occurrence of 
a certain number of other situations, choices, and after-effects. The num- 
ber was usually 39, but was 48 in some experiments and 79 in one. The 
time was the same to a very close approximation in any one experiment, 
and ranged from 40 sec. to about 250 sec. 


Experiment A. In the experiment whose results we report first, 7.e., Experiment 
A, the situations were English words, the response being a number from 1 to 6 (and 
any letter from a to z, but no use will be made here of this fraction of the responses) ; 
the after-effect was ‘Right’ or ‘Wrong’ announced by E; the time from one ap- 
pearance of a word to the next appearance of that word was about 120 sec., this 
interval being filled by 39 other words and the responses to them and the an- 
nouncements of ‘Right’ or ‘Wrong’ for them. Those were 5 trials, 7.e. 5 appear- 
ances of the same word. Using cases where the first 4 responses to the same word 
were all different, we compute the percentage of times that the fifth response is 
the same as the fourth or most recent, the same as the third or next most recent, 
the same as the second, and the same as the first. 

When the fourth, third, second, or first had “Right” as its after-effect these 
percentages were in order 41.4, 17.0, 15.0, and 14.0. When the after-effect was 
“Wrong,” they were 22.7, 17.4, 15.5, and 12.0. In the case of the Rights the per- 
centages (computed from 609, 446, 407, and 321 observations) are not highly re- 
liable, having probable errors of 1.2 or 1.3; but in the case of the Wrongs the 
percentages (from 2418, 2581, 2620, and 2706 observations) have probable errors 
of about 0.5% (0.57, 0.50, 0.48, and 0.42). There is then a sure and sub- 
stantial influence of recency and what it involves. This will be corroborated abun- 
dantly by our other experiments. 

The percentages fall off from the most recent to the most remote. The increase in 


* Accepted for publication March 7, 1934. The experiments reported here were 
made possible by a grant from the Carnegie Corporation. 
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time or the increase in competing connections with the particular word, or the 
increase in the word-number connections of all sorts, or some compounding of 
these three increases, works to diminish the influence of third below fourth, second 
below third, and first below second. This also will be corroborated abundantly by 
our other experiments. 

Experiment B. Experiment B was like Experiment A except that there were 10 
occurrences of each word, each separated by 79 words and responses, and approxi- 
mately 208 sec. from the preceding occurrence. 


TABLE I 
Tue INFLueNce oF Recency in ExpertmMent F 


Repetitions per mille in the trial specified of responses made once in previous trials. The 
numbers in parentheses show the number of occurrences. 


Followed by the announcement Followed by the announcement 
“Wrong” “Right” 


ponses 
ponses 


In Trial 6, of responses 


made in Trials 1-5. 
In Trial 5, of responses 


made in Trials 1-4. 
In Trial 3, of responses 


made in Trials 1-2. 
In Trial 6, of responses 


made in Trials 1-5. 
made in Trials 1-4. 

In Trial 4, of res 

made in Trials 1 

In Trial 3, of responses 
made in Trials 1-2. 


In Trial 4, of res 
made in Trials 1 


n 
2 

Ge 

— 


Five trials remote. 


Four trials remote 4 060 
(50) 
Three trials remote 07 088 037 130 
(54) (92) 
Next most recent. 115 236 149 
(1407) (ss) (87) 
155 340 347 282 
(1418) (47) (124) 


We do not report the facts for cases where there were 9, 8, 7, or 6 appearances 
each with a different response, because they are too few in number. For cases where 
the first 5 responses were all different we have the percentages (for influence on 
the response at the sixth appearance of a word) shown below in Table I. This table 
also gives the facts for the influences of responses in Trials 1, 2, 3, and 4 (all 
being different) on the response at the fifth appearance of the word, and so on. The 
most recent has much the strongest influence, in each of the 8 comparisons. The 
next most recent has a stronger influence than more remote occurrences in each of 
the 6 comparisons, though the difference in one of the 6 is very small. Between 
occurrences 3 trials remote and those still more remote, weighted averages would 
show the same trend, though the differences would be highly unreliable. 

The results from Experiment B corroborate those from Experiment A and also 
show that the same general result is obtained regardless of whether comparisons 
are within sets of 2, 3, 4, or 5 responses, all different. 

Experiment C. Consider next the results of similar experiments (Experiments Ca, 


Most recent 


118 056 
(211) (36) j 
103 
(136) j 
248 
(125) 
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C» and Ce) but with choice of a number from 1 to 10, with only 4 appearances 
of each situation, and under three different lengths of interval from the first to the 
second, second to the third, and third to the fourth. In Experiment Ca the interval 
was 90 sec. In Experiment C» it was lengthened to 180 sec. by a delay between the 
announcement of “Right” or “Wrong” and the presentation of the next word long 
enough for E to count silently from 1 to 10. In Experiment Ce it was lengthened to 
250 sec. by a delay long enough for E to do this twice. 

Everything but position as most recent, next most recent, and least recent being 
equalized, we have the following percentages of times that the fourth response was 
the same as the third, second or first, all three of these being different. 


For responses “rewarded” by “Right”: 
Per milles 
Third: Most recent go sec. earlier 
« “ 250 
Second: Next most recent 90 
“« “ 180 
“« 


First: Least recent 


“ 


For responses “punished” by “Wrong”: 
Third: Most recent go sec. earlier 
« «“ 250 
Second: Next most recent go 
“ 180 


“ “« 250 
First: Least recent go 
“« 180 
“ “ 250 


The percentages for the “Rights” are too unreliable to deserve much weight, but 
those for the wrongs have probable errors under or near 1%. 

The differences between the percentages for the shortest and the longest time 
interval, all else being equal, are —23.1, —14.3, +1.1, +0.7, +1.4, and —0.8. 
Allowing 4 times as much weight to the last as to the first, we have a median of 
+0.7 and an average of —-2.1. 

These differences give us measures of the influence of time empty of any con- 
trary inconsistent responses, and fairly empty of anything, since the Ss were asked 
to think of nothing during the times that E was counting to himself. Its influence 
is near zero. In fact, the percentages are a bit higher for the longer times. What- 
ever inner weakening the relic of a connection suffers from 114-4 min. after the 
connection occurs is, as would be expected, a very minor matter compared to what 
it suffers from the setting up of a competing connection. 

Experiments D, E, and F. In Experiments D, E, and F, the general conditions 
were similar to those in the preceding experiments, but the situations were 49 
queer pictures. In Experiments D and E, each picture contained 10 divisions, the 
response required was to mark one of the divisions, and the time occupied by the 48 
intervening units was only 48 sec. (in D) and 72 sec. (in E). In Experiment F each 
picture contained 6 divisions; the time was 72 sec. 


No. 

52 

83 

84 

55 

48 

37 

ss) 180 207 58 

250 108 37 

170 546 

149 591 

163 576 

124 542 

110 626 

157 623 

096 539 

110 616 

104 623 
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In spite of irregularities due to the small number of cases, the same positive 
influence of recency appears with this sort of learning and these very short time 
intervals. 

The most recent shows a greater influence than the next most recent in 16 out 
of the 18 possible comparisons and in each of the three experiments. Any reason- 
able weighted average difference would have high reliability. The next to the most 
recent shows a greater influence than those still more remote in 8 out of the 12 
possible comparisons. The per milles and numbers of cases are given below. The 
order in each line is the order of recency. The numbers of cases are in parentheses. 


For responses “rewarded” by “Right” 
Experiment D: Trial 5 200 (25) (21) 3 (24) 059 (17) 
Trial 4 (43) (47) 278 (36) 
Trial 3 (78) 185 (54) 


Experiment E: Trial 5 188 (16) (11) 156 (45) 
Trial 4 (22) 093 (75) 
Trial 3 105 (114) 


Experiment F: Trial 5 273 (11) og (11) 
Trial 4 107 (28) 
Trial 3 211 (38) 


For responses “punished” by “Wrong™ 
Experiment D: Trial 5 214 (210) 114 (211) 119 (218) 
Trial 4 408 119 (404) 128 (415) 
Trial 3 203 (641) 159 (665) 


Experiment E: Trial 5 195 (159) 159 164 106 (160) 115 (130) 
Trial 4 145 303 162 (296) 132 (250) 
Trial 3 186 (436) 139 (375) 


Experiment F: Trial 5 220 (50) 113 53 214 (56) 160 (50) 
Trial 4 230 144 196 (153) 139 (144) 
Trial 3 202 (243) 153 (249) 


In the results so far reported the rewarded number called right for any word or 
the division called right in any picture was chosen arbitrarily so that the learning 
was meaningless, as is the learning of telephone numbers, most names, and the like. 

Experiment G. In the experiment next to be reported the learning consisted in the 
improvement of judgments for which there was always some more or less rational 
basis. Furthermore, the first two trials of a series were without any announcement 
of “Right” or “Wrong” by E, the third and fourth had such announcements and also 
certain announcements of “‘Close’’ the significance of which will be described pres- 
ently. In the fifth trial there were no announcements by E. 

The procedure in detail was as follows: Eighteen educated adults estimated the 
attractiveness of the sound of each of 40 words on a scale from 1 to 10 at the rate 
of 2.5 sec. per word in accordance with the following instructions and some pre- 
liminary practice. 


I shall say a word. You will say a number from 1 to 10 representing your 
opinion concerning the pleasantness of the sound of the word to people in general. 
1 will signify that it is extremely unpleasant, like “‘squangunk” or “brishrash- 
punk”; 10 that it is very pleasant sounding, like “melody” or “‘adora’’; 2, 3, 4, and 
5 will be less and less degrees of unpleasantness; and 9, 8, 7, and 6 will be less 


¢ 
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and less degrees of pleasantness. You will have to make very quick judgments to 
keep up with the timer. You will have no chance to stop to think about the matter, 
but will just have to blurt the first number that seems appropriate. 

As soon as the fortieth word was judged, the first word was judged again, then 
the second, and so on through a second trial for all forty. After about 30 sec., the 
forty were then all judged a third time, but this time the E announced “Right’’ 
if the judgment was the same as that of the average of a jury of competent per- 
sons, ‘Close’ if it was within one of that average, and “Wrong’’ if it was still 
farther away. After about 10 sec. the 40 words were then all judged a fourth time 
and with similar announcements. After about 10 sec., they were then all judged a 
fifth time, no announcement of “Right,” “Close,” or “Wrong” being made by E. 
Each of the 18 Ss had 5 such trials for each of 20 sets of 40 words. 

We have then the possibility of comparing the influence of the more recent 
second trial with that of the less recent (by 100 sec.) first trial in a number of 
cases, each representing something like what happens in various sorts of learning in 
ordinary life. 

As a first case we compared the influence of one occurrence in Trial 1 upon oc- 
currence in Trial 3 with that of one occurrence in Trial 2 upon occurrence in Trial 3. 
The median probability that a response made in Trial 1 but not in Trial 2 will 
be made in Trial 3 is 0.245. The median probability that a response made in Trial 2 
but not in Trial 1 will be made in Trial 3 is 0.454. The more recent connection 
thus shows much greater strength in this case.’ 

As a second case, we compare the probability of occurrence in Trial 4 of con- 
nections which occurred in Trial 1, but not in Trial 2 or 3 with that of connec- 
tions which occurred in Trial 2 but not in Trial 1 or Trial 3.2 They are 0.187 and 
0.261 respectively, again a notably greater strength of the more recent connection. 

As a third case we compare the probability of occurrence in Trial 4 of connec- 
tions which occurred in Trial 1 but not in Trials 2 or 3, with that of connections 
which occurred in Trial 2 but not in Trials 1 or 3, using instances where the con- 
nection in Trial 3 was different from that occurring in either Trials 1 or 2. 

In this case we classify further according as the connection in Trial 3 was “Right,” 
“Close,” or ““Wrong,”’ of which there are 353, 704, and 1363 instances respectively. 
The probabilities are 0.122, 0.145, and 0.169 for the less recent, and 0.195, 0.217 
and 0.232 for the more recent, giving balances of 0.073, 0.072, and 0.063. 

As a fourth case we compare the probability of occurrence in Trial 4 due to a 
“Right” occurrence in Trial 3 plus an occurrence in Trial 1 with that due to a 
“Right” occurrence in Trial 3 plus an occurrence in Trial 2. They are, respectively, 
0.541 and 0.643. For “Close” in Trial 3 plus occurrence in Trial 1 versus “Close” 
in Trial 3 plus occurrence in Trial 2, we find 0.429 and 0.527. For “Wrong” in 
Trial 3 plus occurrence in Trial 1 versus ‘““Wrong’’ in Trial 3 plus occurrence in 


* The median probability of occurrence in Trial 3 for a connection which occurred 
in both Trials 1 and 2 is 0.658. The probability that an S§ would make the same 
estimate for a word in a second trial a very long time after the first (say a year) 
when the influence from the first was zero or near zero, is not known, but will not 
be far from 0.2. 

*In this case only those instances were used where the connection occurring in 
Trial 3 was the same as that occurring in Trial 1 or the same as that occurring in 
Trial. 2. There were 1806 of the former and 3322 of the latter. 
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Trial 2 we find 0.368 and 0.386. The balances are thus 0.102, 0.098, and 0.018 in 
favor of the more recent of the two occurrences. 

As a seventh case we compare the probability of occurrence in Trial 5 of a con- 
nection occurring in Trial 1 but not in Trials 2, 3, or 4 with that for a connection 
occurring in Trial 2 but not in Trials 1, 3, or 4. We have the following for in- 
stances in which the connection was the same in Trials 3 and 4, and was the same 
in them as in Trial 1 (or Trial 2). The number of instances are given in paren- 
theses. 

Balance in 
Connections in Trials 3 and 4 Trial 1 Trial 2 favor of the 


100 (389) 126 (167) 
137 (571) 163 (252) 
157 (638) 193 (232) 
We have the following for instances in which the connection was the same in 
Trials 3 and 4, but was not the same in them as in Trial 1 (or Trial 2). 


Balance in 


Connections in Trials 3 and 4 Trial 1 Trial 2 favor of the 
more recent 


061 (163) 110 (163) 
111 (235) 183 (235) 
171 (339) 204 (339) 


As an eighth case, we compare the probability of occurrence in Trial 5 due to 


two “Right’’ occurrences in Trials 3 and 4 plus an occurrence in Trial 1 with that 

due to two “Right” occurrences in Trials 3 and 4 plus an occurrence in Trial 2. They 

are respectively 0.748 and 0.792, giving a balance of 0.044. For similar compari- 

sons but with ‘Closes’ in place of ‘Rights,’ we find 0.643 and 0.653, giving a. 
balance of 0.010. For similar comparisons, but with “Wrongs” in place of “Rights,” 

we find 0.509 and 0.491, giving for the first time in all our cases a balance (of 

0.018) against the more recent. The average of the three balances is 0.012 in favor 

of the more recent. 

As an eleventh case, we compare the probabilities of occurrence in Trial 4 of (a) 
connections occurring in Trial 1 but not in Trials 2 or 3, (b) connections occurring 
in Trial 2 but not in Trials 1 or 3, and (c) connections occurring in Trial 3 (and 
there called ‘‘Wrong’’) but not in Trials 1 or 2. They are respectively 0.174, 0.239 
and 0.253. The more recent thus is the most potent in spite of any possible weaken- 
ing due to its being called “Wrong.” When it is called “Close,” its probability of 
reoccurrence in Trial 4 is 0.349. When it is called “Right,” the probability is 0.459. 

These facts demonstrate that the connection which comes second in the first two 
judgments of a word has thereby a greater potency in determining what connection 
will be made in the third, fourth, and fifth trials, whatever be the nature of the 
connections in combination with which it acts. This is in spite of whatever greater 
strength belongs to the connection which is S's first choice rather than his second 
for any word. 

Our results also indicate that a connection which comes third in the first three 
judgments has thereby a greater potency than a connection coming second. 


more recent 
049 
072 
033 
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Experiment H. In another experiment, the Ss made similar judgments of the 
pleasantness of sound of each of 40 words, then did so again, then were told the 
correct value for each of the 40, then were told these again, then judged them 
again. We compare the influence of Trial 1 upon this last trial with the influence 
of Trial 2. We use in the comparison only those words the responses to which were 
wrong in the last trial. This eliminates all those where the tuition entirely swamped 
the influence of Trials 1 and 2. In the records of the 28 adult Ss who each had 
8 series of 40 words, there were 1611 instances of a wrong response occurring in 
Trial 1, but not in Trial 2, and with some wrong response in the last trial. Of these, 
416 or 25.8% were repeated in the last trial. There were 1638 instances of a wrong 
response occurring in Trial 2 but not in Trial 1 and with some wrong response 
in the last trial. Of these 528 or 32.2% were repeated in the last trial. Thus, even 
after an interval filled by two hearings of the correct responses and in spite of the 
presumably greater prejudice in favor of first choices, the influence of the second 
occurrence is superior to that of the first. 

If we include all cases where the responses in Trials 1 and 2 were different, re- 
gardless of whether the response in the last trial was right or wrong, we have the 
following percentages of repetitions in the last trial. For responses mentioned by E 
in the interval as the correct values, occurring in Trial 2, 63.7 (n = 811) ; occurring 
in Trial 1, 58.1 (n = 754). For responses not mentioned by E in the interval, the 
correct values being stated by him for each such case, occurring in Trial 2, 15.2 
(n = 3480); occurring in Trial 1, 11.9 (m = 3537). The second or more 
recent occurrence thus still has a much stronger influence than the first. The influ- 
ence of recency is not swamped by the tuition even when that is successful. 

The results of the last two experiments prove that the recency influence is potent 
in the case of reasoned judgments as well as mere guesses, and that it retains its 
potency in spite of the interference from later competing connections made by S 
or accepted by him as preferred connections when made by E. 


In all our experiments, the last of two different connections made with 
a situation is, other things being equal, stronger, regardless of what 
happened before or afterward to that situation. This must be accepted as 
a basal fact in mental dynamics, whether or not the connectionist account 
of mental dynamics in general is acceptable. 
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ADAPTATION TO CUTANEOUS PRESSURE 


By Mason N. Crook and HAMILTON CROOK, 
University of California at Los Angeles 


The subject of sensory adaptation is of considerable interest and importance, be- 
cause it is a property of all sense receptors, and affords one key to a comparative 
analysis of their functioning. The purpose of the experiment here reported is to add 
certain data to those already in existence on the relationship between the intensity 
of stimulation and time for complete adaptation in the field of cutaneous pressure. 

Zigler reports two sets of data on this relationship:* (1) with weights ranging 
from 0.05 to 2 grm. for 8 Os, obtained in his own laboratory, and (2) with weights 
ranging from 8 to 88 grm. for 2 Os, obtained in the Clark laboratory and not else- 
where published. The results show irregularities, but the author concludes that these 
derive from chance errors and that the true relationship is linear. Analysis of the 
tables, however, leaves this conclusion open to serious question. When the average 
data for 8 Os from Zigler’s table are plotted in graphic form the curves in Fig. 1 
are found, showing the relationship between intensity of pressure and time for com- 
plete adaptation on 4 different areas of the skin. The mean variations of the Os’ 
judgments indicate that these curves are highly reliable. It can be observed that the 
direction of curvature is the same at each point for all of the curves.* Though not 
obvious from the graph, Zigler’s tables show that the 0.1-grm. weight on the cheek- 
curve is no exception in this respect. 

Could this coincidence of direction of curvature be the result of chance errors, or 
must it derive from some common factor? An answer may be found in terms of 
simple probabilities. 

If we count the zero point we have six different points on each of the 4 curves. 
Direction of curvature in the above sense is determined by any set of 3 successive 
points. On each curve the 1st, 2nd, and 3rd points form one set; the 2nd, 3rd, and 
4th another; the 3rd, 4th, and 5th another; and the 4th, 5th, and 6th still another. 
Thus direction of curvature can be determined at each of 4 different levels. These 
levels are the same for the 4 curves because the ordinate values of corresponding 
points are the same for the four curves. Then we can ask: What is the chance that 
the direction of curvature at the first level would be the same for any two of the 
curves, if the determining factors are multiple and random? Obviously 1/4, since the 
chance that the three points will fall on a straight line is negligible. Similarly, 14 
for the second level, 14 for the third, and 14 for the fourth. The chance that the 
two curves would show the same direction of curvature throughout is the product 
of these probabilities, or 1/16. The chance that the third curve would correspond 
with the first two is 1/16, and similarly for the fourth. Therefore the probability that 
all four empirical curves would show this degree of similarity purely by chance is 


* Accepted for publication March 26, 1934. 

*M. J. Zigler, Pressure adaptation-time: A function of intensity and extensity, 
this JOURNAL, 44, 1932, 709-720. 

? By direction of curvature at a point we mean merely the direction of the differ- 
ence between the size of the angle in the line at that point, and 180°. 
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(1/16)*, or 1/4096, a negligible value. The shape of the curve then represents either 
some real property of the tissue from which the curves were derived, or some artifact 
that is a function of the method. There is no evidence of such an artifact. 

The curves covering a higher range of intensities show no such consistency, and 
therefore would yield nothing by a similar analysis. When the data from both of 
the Os on both parts of the skin used (back of hand and arm) are averaged to- 
gether, however, the composite curve seems to approximate a straight line (Fig. 


20 
18 
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FORE-A 


Grams 
Fic. 1. ADAPTATION TIME AS A FUNCTION OF INTENSITY 
(Plotted from Zigler’s data.) 


2). We shall refer to this composite curve later. 
The present experiment was designed to determine as precisely as possible the 
true shape of the intensity-duration curve of adaptation to pressure. 


METHODS AND PROCEDURE 


Apparatus. The series of weights in grm. was as follows: 0.1, 0.3, 0.6, 1.0, 1.5, 
2.5, 5.0, 10.0, 25.0, 50.0, 100.0, 200.0. These values were chosen to give a graduated 
series of intensity-intervals. Only two of them coincide with weights used in the 
experiments reported by Zigler. Our series, however, covers a considerably wider 


range. 
The stimulus-weights were made of flat-headed stove bolts carrying the necessary 
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number of nuts and washers to give the right weight in each case. The contact sur- 
face of each weight consisted of a smooth wooden disk glued to the head of the 
bolt.* Each disk weighed 0.1 grm. and was 1 cm. in diam. The smallest weight 
consisted of such a disk alone, with a narrow strip of paper glued on for a handle. 

The three largest weights would not stand upright alone on the tissue of the 
arm, so a light wire loop adjustable in every direction was provided to encircle 
them loosely about 11/4, in. above the surface of the skin. The effect of the loop on 
the vertical component of the weight was of course negligible. For further tempera- 
ture control a piece of paper was kept on the spot during and between stimulations. 
The O sat with his arm on a padded horizontal surface, and a cardboard screen 
shielded the arm and the weights from his view. 

Procedure: The two authors served alternately as E and O. Observations were 
made regularly once a week from April to July, 1933. It was necessary to obtain a 
large number of judgments on the days that were available for experimenting, so 
the plan was adopted of alternating E and O at intervals of from a few minutes 
to three quarters of an hour, over a period of several hours. With occasional rest 
periods, it was found that the long sittings did not involve any significant degree 
of fatigue as judged by the subjective feelings of the Os. 

Judgments obtained on one occasion when the observation period was carried 
some time beyond the usual length were found to vary progressively from the cen- 
tral tendency and were not used. No other data, except those from the initial prac- 
tice series, were discarded. Possible effect of the long periods on the data retained 
will be discussed later. Observation periods were started about noon and continued 
until about 6 P.M. 

The area used (volar side of the right forearm about 3 in. below elbow) was 
shaved before each sitting. A spot 1 cm. in diam. was marked with ink and this was 
used throughout the period of the experiment. E placed the weights on the spot by 
hand. This method is of course more variable than that of 2 mechanical device, but 
when care is exercised the variation is probably less than that of the physiological 
conditions which also influence the judgments. In Zigler's experiment, in which the 
mean variations were very low the weights were also applied by hand. 

The stimulus-weights were applied in random order. O held the stop-watch 
in the opposite hand, starting it with the application of the weight, and stopping 
when he judged the adaptation to be complete. E kept the records. The recovery- 
time allowed before a new stimulation in each case was twice as long as the previous 
adaptation-time, which should be adequate, as Zigler’s data show that for most Os, 
the post-stimulatory adaptation takes about as long as the original adaptation. If 
this recovery time was 4 min. or longer E and O changed places. Time was 
measured to 1/5 sec. If a stimulation was not felt, or was felt only as an instan- 
taneous contact, as occasionally happened with one of the very light weights, the 
adaptation time was recorded as zero. 

Results from the first series with each O were discarded to minimize initial 
adjustment and practice. 

The number of judgments obtained on different weights varied considerably. The 
policy was, not to obtain the same number on each weight, but to extend the num- 


* Wood, having lower heat conductivity than metal, tends to minimize the tem- 
perature component in the pressure experience. 
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ber in each case until the average became stable. For this purpose the following 
criterion of stability was arbitrarily chosen. An average was considered stable if on 
the addition of two successive sets of 5 judgments (a) the change in the average 
reversed its direction the second time with respect to the first, and the change was 
less than 5% in each case, or (b) the change in the average was in the same direc- 
tion the second time as the first, but the change was less than 3% in each case 
and was smaller the second time than the first. All averages met at least this latter 
criterion. 

The number of judgments necessary varied from 25 on the 200-grm. weight 
by H.C., to 60 on the 0.3-grm. weight by both Os and on the 1-grm. weight by 
H.C. The very light weights showed the greatest variability, so additional judgments 
were obtained from H.C. on the lowest four weights—bringing the total to 119 
in each case—to further increase the accuracy of the determinations for that O in 
this range. The probable errors of the averages of the judgments were computed 
for all the weights. P 

RESULTS 


Complete data are given in Table I and Fig. 2. No method of graphing on a scale 
that can be reproduced here gives a satisfactory picture of the entire curve; we 


TABLE I 
Time or Comptete ADAPTATION AT DirFERENT STIMULUS-INTENSITIES 
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have, consequently, plotted the results in two parts and on different scales. The 
dotted lines show the relationship for the individual Os. Short vertical lines through 
the points represent one probable error in each direction. The heavy black curve 
is the average for the two Os. Fig. 2 also contains Zigler’s forearm-curve in the 
lower weight range and in the range from 8 to 88 grm. 

Several points are to be noted: 

(1) The general trend shows an initial phase of negative acceleration, so we con- 
clude that the relationship is not a straight line. 

(2) The general trend is complicated by secondary direction tendencies in the 
curve at several points. 

(3) The probable errors are small enough to leave no question on the above two 
points. 


7 (Time in sec.) 
H. C. 
Weight 
(in grms.) PE.n N 
° 0.459 55 
° 0.504 60 
0.762 50 
I 0.622 30 
1 1.81 30 
i 2 1.76 40 
5 1.87 50 
10 2.31 30 
25 2.86 35 
3.69 30 
100 5.99 35 
200 9.38 35 
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(4) Results from the Os agree on the general trend and in minor direction ten- 
dencies for heavier weights but differ in detail at the lower end of the range. 


= Zigler—8 to 88 gram range 


100.0 


Grams 


Fic. 2. ADAPTATION TIME AS A FUNCTION OF INTENSITY 
(Plotted from data of present study. Ratio of the oy! scale to the lower 
is about 8 to 1. Two of Zigler’s curves are included for comparison.) 


(5) The probable errors are considerably smaller throughout for H.C. than for 
M.C., indicating that individual differences here, as in most sensory phenomena, 
play a large part. 
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(6) As so few abscissa values coincide, it is not possible to make an exact com- 
parison between the shapes of Zigler’s curves and ours in the range from 0.1 to 
2 grm. It can be definitely said, however, that there is no discrepancy in shape 
between our average curve and those of Zigler in this range except such as might 
result superficially from the disparity of the abscissa values. 

(7) Our results in the range 8 to 88 grm. agree with those reported by Zigler: 
they approximate a straight line; they disagree somewhat in direction of the slight 
deviations from linearity that do appear. Considering individual curves for the arm, 
M.C. and H.C. agree with Zigler’s C while his § shows curvature in the opposite 
direction. 

(8) Our adaptation times are much longer than those reported by Zigler. 


DiscussION 


Comparative reliability. The relationship between our curves and those of Zigler 
demands further consideration. The mean variations of judgments are smaller for 
Zigler’s 8 Os in the lower weight range than for ours in all cases. The averages 
of the judgments are also smaller—see point (8) above—but if we divide the mean 
variations by the averages the resulting ratios still in most cases favor Zigler. Move- 
over, Zigler had, from the 8 Os, over 200 judgments on each point, while we had 
less than 180. We conclude, therefore, that Zigler’s curves are more reliable than 
ours in this range, which is supported by the perfect consistency Zigler’s four curves 
show with each other. 

Why this difference in reliability? In both experiments the weights were applied 
by hand. One major difference in procedure was the length of the observation 
periods, but our data show, by actual analysis, no evidence of increased variability 
in the course of an observation period. 

Another major difference was in the range of weights used, the extremes in our 
case being in the ratio of 2000 to 1. If the heavy weights left an after-effect not 
entirely compensated for by the recovery period allowed, the expected result would 
be to decrease the adaptation time to subsequent stimulation rather than to increase 
it. Our average times, however, are much longer than those reported by Zigler. 

A psychological factor which may be relevant is the O's abstract concept of the 
series of stimulus-weights. Studies of the absolute judgment in psychophysics have 
shown that such a concept is automatically established and may serve as a reference 
criterion for specific responses. It may be that a short, compact series permits a 
more stable abstraction than a long and varied series. Certain of our data made it 
possible to test this hypothesis. As mentioned in the statement of procedure, a num- 
ber of judgments on the lowest four weights additional to those necessary to meet 
the general criterion were obtained from H.C. These judgments were made under 
the conditions of a compact series, because they came after the main series was com- 
pleted and the other weights had been eliminated. Standard deviations (S.D.) were 
computed and compared with those of all the judgments together on the same 
weights. Elimination of the larger weights from the series was found to reduce the 
S.D. of the judgments in each of the four cases by the following amounts: the 0.1- 
grm. weight from 7.42 to 6.27, the 0.3-grm. weight from 8.15 to 5.87, the 0.6-grm. 
weight from 12.30 to 9.52, and the 1.0-grm. weight from 10.06 to 9.54. The number 
of judgments in the total distributions, yielding the larger $.D., was 119 in each case, 
and the number of judgments in the distributions from the compact series, yielding 
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the smaller $.D., varied from 59 to 69. It is to be noted that the total distributions 
include all the cases of the special distributions. The differences of the S.D. are, 
therefore, even more significant than they appear on the surface, and there can be 
no doubt that homogeneity of the series is a condition favorable for consistency of 
judgment. 

Comparative lengths of adaptation time. The fact that our adaptation-times are 
considerably longer than those reported by Zigler is of interest, though no adequate 
explanation for this difference is apparent. The stimulating area for the higher weight 
range reported by Zigler was somewhat larger than 1 cm. in diam.; the intensity 
per unit area was, therefore, less than ours. A rough correction for this factor, com- 
puted from Zigler’s data on relation of stimulus area to adaptation-time, raises the 
curve only about 50% and still leaves a large discrepancy. Difference in part of 
the skin involved might seem a reasonable explanation if it were not for the fact 
that Zigler’s hand and forearm curves differ more widely from our curve obtained 
on the forearm than do his cheek and forehead curves. Individual differences afford 
a possible though not a probable explanation. The present authors are brothers and 
so might be expected to agree, but the chance that, of 12 Os, they would be the 
ones well above the level of the others is still not large. A difference in criterion 
may be the correct answer. If so, it is a further interesting problem how such wide 
differences can become established between laboratories purporting to study the 
same phenomenon. 

Basic shape of curve. A question of some importance is, have we determined 
the basic shape of the curve with reasonable certainty? For the upper half of the 
range, the size of the probable errors and the perfect agreement between the two 
Os makes it highly probable that we have. For the lower half of the range, we 
have the fact that our average agrees in direction of curvature with H.C., the O 
who provided the more reliable determination on the light weights, and the fact 
that our average shows no basic disagreement with the highly reliable curves of 
Zigler in the range from 0.1 to 2 grm. 

The average curve reported by Zigler in the 8- to 88-grm. range, on the other 
hand, differs somewhat from our average curve. These data Zigler obtained from 
another laboratory. The individual Os do not agree, and no measure of variability 
is given. The reliability therefore, is presumably not comparabie to that of Zigler’s 
own study with the lighter weights. Our individual curves agree with each other 
in the range from 8 to 88 grm., and the probable errors are such that a reversal 
on repetition would be possible but not probable. 

One further consideration is relevant at this point. By means of the following 
technique the possible effect of long observation periods was investigated, using 
the results from H.C. For each stimulus intensity the average of the first two judg- 
ments from several observation periods was computed. Similar averages were ob- 
tained for the last two judgments. Figures on a given intensity were included from 
each observation period that showed four or more judgments on that intensity. 
Initial and final averages were then compared. For weights from 0.1 to 1.0 grm. the 
final means are in the majority of cases slightly larger. The reliabilities of the dif- 
ferences, however, are quite insignificant, so any appearance of an effect here can 
be disregarded. For weights from 1.5 to 200 grm. the final means are smaller by an 
average of 17.5%. The average reliability of these differences in terms of chances 
in 100 is 78, with a range from 54 to 96. These figures indicate a probability, 
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though not a certainty, that the long observation periods had some effect in reduc- 
ing the adaptation-time to the heavier weights. The final effect would be to change 
the average slope of the upper half of our curve slightly. There is no reason to 
suppose that the direction of curvature would be reversed at any point. 


CONCLUSIONS 


The above considerations indicate a high probability that our curve represents, 
with the possibility of minor errors, the true relationship for the function investi- 
gated with the stimulus intensities employed. This relationship is apparently a 
property of the skin and underlying tissues, and has considerable generality, as 
indicated by the fact that, in the range common to both, our curves show no basic 
disagreement in shape with Zigler’s curves from widely different parts of the skin. 
This latter fact is particularly striking in view of the large differences in absolute 
value of the two sets of adaptation times. 

The curve is obviously complex and not subject to any simple analysis. In ex- 
planation, we offer no theory, but a few speculations. Over the range here covered, 
the curves show a slightly sigmoid trend. It is possible that still higher intensities 
would continue the positive acceleration with respect to intensity in that part of 
the range, and attain a final level beyond which adaptation never would be com- 
pleted. Such a final level is attained in electrical stimulation of the fingers,* and 
there is reason to think that a similar level could be found for vision. Such a finding 
is subject, however, to no a4 priori imperative. A linear relationship for olfaction 
by Karpman and Woodrow shows no evidence of approaching a limit over the 
range investigated,° so obviously any generalization at this stage would be premature. 

The minor fluctuations in the curve, which we believe to represent as definite a 
part of the relationship as the major trend, might depend upon either (a) an uneven 
increase in the pressure on the receptors because of redistribution of the strain in 
the tissues at certain critical intensity levels, or (b) different groups of receptor 
cells with varying threshold values. It is not likely that these two principles can be 
considered as functionally distinct, because different types of tissue contain different 
types of receptors, which certainly vary in degree of protection from pressure 
stimulation, and may vary also in absolute thresholds. 


*M. N. Crook, The sensory aspects of electrical stimulation. J. Gen. Psychol., 6, 
1932, 49-69. 

*B. Karpman and H. Woodrow, A new olfactometric technique and some re- 
sults. J. Exper. Psychol., 2, 1917, 431-447. 
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EYE-MOVEMENTS AND THE SCHRODER STAIR-FIGURE 
By E. DoNALD Sisson, University of Minnesota 


Various optical illusions and visual phenomena have, at one time or another, 
been attributed to inter-fixation movements of the eye; e.g., the Miiller-Lyer and 
Zéllner illusions, the phi-phenomenon, and autokinesis. Investigations on all of these 
with accurate recording techniques have been negative.’ Another group of these 
phenomena is concerned with reversible perspective, e.g. the Wheatstone cube and 
the Schréder stair-figure. Perhaps the best known explanatory theory of reversals in 
these figures is Wundt’s physiological theory. The crux of this theory is the tenet 
that fluctuations are due to eye-movements. It is held that rigid fixation of the eyes 
precludes the possibility of apparent fluctuation in the figure “in spite of vivid 
imagining.” By exercise of the proper eye-movement, however, the fluctuation oc- 
curs without aid or interference from central processes.” 

Recently, Washburn,’ working with two sizes of the Wheatstone cube, found 
that reversals of perspective occurred more frequently in the smaller figure. She 
concluded from this datum that fixation changes are responsible for the fluctuation, 
in view of the fact that small movements between fixations on the smaller figure 
would cover a relatively larger area. 

The purpose of the present investigation is to test the eye-movement hypothesis 
as applied to the reversions of the Schréder stair-figure. Thirteen Ss; graduate stu- 
dents and instructors in psychology, were used in the experiment. They were re- 
quired to maintain fixation, as constant as possible, on a red cross in the center of 
the figure, and to signify reversions by pressing a key. The outside dimensions of 
of the total figure were 5 x 23% in. The eyes were approximately 15 in. from the 
figure. Eye-movements were recorded by the photographic technique.‘ Reversions 
were recorded on the same film by the following means: a solenoid, in the key 
circuit, drew a vane across the beam of light near its source, thus interrupting the 
eye-line for 3/25 sec. The films were read to discover the percentage of times an 
eye-movement was followed by a shift in the figure. 

Since there is relatively little individual variation, the data may be grouped. The 
results are summarized below: 


Number of eye-movements (M) 
Number of reversions of the figure (R) 


* Accepted for publication March 23, 1934. 

J. P. Guilford and K. M. Dallenbach, A study of the autokinetic sensation, this 
JourNAL, 40, 1928, 83-91; Guilford and Harry Helson, Eye-movements and the phi- 
phenomenon, ihid., 41, 1929, 595-606; C. H. Judd, The Miiller-Lyer illusion, Psychol. 
Monog., 7, 1905 (no. 29), 55-82; Judd and H. C. Courten, The Zdéllner illusion, 
ibid., 199-226. 

J. E. Wallin, Optical Illusions of Reversible Perspective, 1905, 1-330 

*M. F. Washburn, H. Mollay, and A. Naylor, The influence of the size of an 
outline cube on the fluctuations of its perspective, this JOURNAL, 43, 1931, 484. 

*M. A. Tinker, Apparatus for recording eye-movements, this JOURNAL, 43, 1931, 
115-118. 

5 In the rest of the discussion, we shall designate eye movements by M and rever- 
sions by R. Thus M-R means movement followed by reversion, etc. 
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Number of movements followed by reversions (M-R) 
Percentage of movements followed by reversions 


Obviously a large number (67%) of the eye-movements are not followed by 
reversions of the figure. Moreover, in order to indicate causal relationship, a fairly 
constant time-interval should elapse between the movement and the reversion. The 
actual times involved, however, range from 1-195,° the median being 15.83 with a 
Q of 14.37. Because of the reaction time involved in recording the shift those 
intervals shorter than 200 o’ may be assumed to be too brief to indicate causal rela- 
tionship between M, and the subsequent R. And it seems reasonable to consider 
that those intervals above 600 o in duration are sufficiently above normal reaction- 
time to show no intimate relation between M and R. By this procedure, which is 
based on a conservative estimate of the time needed for reacting, 73% of the 109 
M-R combinations are eliminated. There remain only 5.7% of the total 332 Ms 
that are followed by Rs within a time-interval which might indicate causal relation- 
ship between the two. These results, then, do not justify the conclusion that fluctua- 
tions in the figure are caused by inter-fixation movements. Furthermore, of the 236 
Rs occurring in the records, 92% are not preceded by an eye-movement within the 
critical interval which we have specified. There thus appears to be ample evidence that 
reversions do not have to be conditioned by shifts of fixation. 

In order to check Washburn’s findings on the more rapid fluctuations of a smaller, 
as compared to a larger figure, 7 of the Ss also observed a figure one-half the size 
of the original in all dimensions. The average times per shift for both large and 
small figures are compared: 


No. of Rs_ Av. time per R P.E.ais. Diff. P.E.aite, 
71.82 31.59 3.84 4.80 
67.98 30.55 


There thus appears to be no evidence, in this case, to indicate that a smaller 
stair-figure fluctuates more rapidly than a larger one. 

Actual eye-movement records lend little evidence, therefore, to the theory that 
reversions of figures of ambiguous perspective are conditioned primarily by peripheral 
factors, i.e. eye-movements. Contrary to the Wundtian hypothesis, central factors 
do seem to aid in producing fluctuation as was shown in the verbal reports of the 
Ss. In fact, a slightly better case could be made for the theory that central changes 
of perception induce the peripheral, motor inter-fixation changes of the eye. A sig- 
nificantly greater percentage of Rs were followed by Ms than Ms by Rs. 


PE. Diff. 


1.8 13 
2.2 


It is, however, more difficult to specify a critical reaction interval in this case. 
The R-M intervals range from 4-150 with a median at 19.09 and a Q of 13.46. 
In view of the wide range and relatively long duration of these intervals (on 4 


* All times are given in 25ths of a second. 
™ Two factors are involved: a “clearing up” process which is brief, and reaction- 
time to a visual stimulus which may range from 175-225 o.~° 
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priori grounds they should be extremely brief to evidence functional relationship, as 
only the reaction-time of the eye is involved), little if any weight should be attached 
to this aspect of the findings. It is of theoretical interest, however, for reading studies 
as well as for these phenomena of reversal. Pressey,* Robinson,® and others have 
attempted to remedy faulty reading habits by training in the mechanics of reading, 
ie. by “pacing’’ eye-movements. On the other hand, Tinker,” Brooks," Gates,” 
and others point out that faulty eye-movements are to be regarded as symptoms rather 
than causes of poor reading ability. The eye-movement hypothesis for the various 
visual phenomena would seem to imply that peripheral motor factors are efficacious 
in altering central perceptual states. This view finds little support from experi- 
mental findings. 
SUMMARY 

(1) Thirteen Ss observed the Schréder stair-figure before the eye-movement 
camera. Eye-movements and reversions were recorded on the same film. 

(2) There was no significant evidence for the theory that inter-fixation move- 
ments of the eye condition perceptual shifts on the stair-figure. 

(3) A smaller figure tended to fluctuate no more rapidly than a larger figure. 


*L. C. and S. L. Pressey, Training college freshmen to read, J. Educ. Res., 21, 
1930, 203-211. 

°F. P. Robinson, The réle of eye-movements in reading with an evaluation of 
techniques for their improvement, Univ. lowa Stud., No. 39, 1933, 1 ff. 

*M. A. Tinker, The réle of eye-movements in diagnostic and remedial reading, 
School & Soc., 39, 1934, 2 f. 

" F. D. Brooks, The Applied Psychology of Reading, 1926, 45. 

* A. I. Gates, The Improvement of Reading, 1929, 203. 
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AN APPARATUS FOR RESTRAINING MONKEYS AND 
OTHER LESSER PRIMATES 


By JouHN P. Fo tery, Jr., Columbia University 


Some mechanical device for maintaining a rigid position of the head and body 
of infrahuman primates, particularly the increasingly used rhesus monkey Macaca 
mulatta, is essential in many comparative psychological and psychobiological experi- 
mental investigations. The difficulty of the task is enhanced by a number of factors, 
such as the relatively great strength, mobility, ingenuity, and speed of reaction of 
such forms. Likewise, the prolonged maintainance of such an immobile condition is 
quite unlike their usual state of almost continual movement. Lastly, the holder 
employed must often permit the restrained primate to receive certain prescribed 
stimulation and to make certain definite reactions appropriate to the experimental 
situation employed. The typical mammalian head-holder, such as that devised by 
Czermak’ requires the use of a mouth-bar, which precludes its use in most experi- 
ments on primate behavior. Other experimenters, working on problems not requiring 
the normal adjustment and manual reactions of the monkey, have utilized an adjust- 
able box tightly encasing the entire body and extremities of the animal, the head 
projecting through a hole in the outer end of the box. Such a device, however, is 
not adaptable for work on the more complex aspects of behavior. 

This apparatus, designed to restrain the monkey in as near normal or “‘sitting” 
position as possible, consists of two essential parts: (1) a chair, with restraining 
devices for the body and extremities; and (2) a head holder, designed to keep the 
head rigid and motionless. The accompanying illustrations show the apparatus 
in use with the rhesus monkey, Macaca mulatta. Fig. 1 shows the apparatus as a 
whole, and Figs. 2 and 3 more detailed views of the head-holder. It will be noted 
that these pictures, especially the last, are taken slightly from below in order to 
show the neck-piece. 

The chair is constructed of 34-in. hard pine lumber, firmly mounted on a single 
base board, 28 in. long and 12 in. wide, the entire wooden construction being painted 
battleship gray. Thus the apparatus can be moved in toto if necessary. The back of 
the chair is 40 in. high and the seat is 16 in. above the base, so as to accommodate 
monkeys of widely different sizes. The seat, 7 in. wide, has vertical wooden flanges 
on either side, which prevent the animal's lower extremities from slipping off at 
the side and at the same time give the animal something to grasp, thus keeping 
the legs in line, parallel with the body axis. A horizontal slit in the back of the 
chair, through which the seat projects, allows the latter to be drawn back and forth, 
thereby permitting adjustment to accommodate animals of various sizes. When the 
correct depth has been obtained, the two thumbscrews, situated on a wooden sup- 
port just above and parallel to the projecting seat, are tightened, and the seat is 
held tightly in place. A broad leather belt or band, 5 in. wide, is permanently 


"Cf. Harvard Physiological Apparatus, 1921, Catalogue No. 8, 1-3, 33-34. 
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Fics. 1-3. APPARATUS FOR RESTRAINING THE LESSER PRIMATES 


Fig. 1 shows the apparatus as a whole; Fig. 2, the body- and head-holder; and 
Fig. 3, a detailed view of the head-holder. 
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fastened to one side of the chair back, 4 in. above the seat level, and can be brought 
around the body of the monkey and fastened to cleats on the other side of the chair 
by means of heavy cording. Rows of holes are bored along both sides of the back, 
seat, and lower front of the chair, approximately 1 in. from the edge. In order to 
prevent motion of the extremities, pieces of heavy cording of appropriate lengths 
may be inserted through any of such holes, each cord terminating in a slip knot on 
the outer end, and having an appropriate cleat around which the cord may be quickly 
and securely fastened on the reverse side of the back, seat, and lower front of the 
chair. One cord on either side of the back of the chair is usually all that is required 
to hold the animal’s arms, while a pair of cords through the seat to encircle the 
legs midway between the knee and thigh, and an additional pair through the lower 
front of the chair to hold the ankles are necessary to insure complete restraint of 
the lower extremities. It will be noted that the arm cords are not actively employed 
in the accompanying figures, but hang loosely on either side of the chair. Three 
parallel slots, 15 in. long and approximately 1/4 in. wide, are cut in the back of the 
chair to serve as slots for the head-holder. 

The head-holder consists of two structurally distinct although functionally re- 
lated parts. One part, encircling the neck, is constructed of a single piece of 34-in. 
cold roll steel, heated and bent in a vise so as to form a complete and symmetrical 
turn or U, one straight side of which is 1114 in. long, and the other side, parallel 
to the first beyond the curve, is 61/4 in. long, the intervening distance being ap- 
proximately 214 in., inside dimensions. Anchored in the central slot in the chair 
back and adjustable to different heights from the back by means of a wing nut and 
bolt, is a solid brass plate containing two holes, 34 in. in diameter, coinciding on 
either side with the outermost vertical slots in the back of the chair. Mounted direct- 
ly behind and congruent with one of these holes is a heavy brass bushing. When 
the device is adjusted to the correct height, the longer end of the curved steel rod 
can be inserted through this hole, the curved portion encircling the neck of the 
monkey as in the accompanying figures and the shorter end projecting through the 
other hole. When the entire rod is then pushed slowly back until the neck of the 
animal is drawn back and held firmly against the vertical or perpendicular back 
of the restraining chair, the thumbscrew of the bushing can be tightened, thereby 
delimiting neck and head movements. 

The second and supplementary part of the head holder consists of a pair of 
heavy brass arms, 114 x 4 x 5/16 in., horizontally mounted at right angles to a 
third piece of sheet brass, 734 x 114 in., which is held tightly against the back of 
the chair by an adjustable wing nut and bolt projecting through the central slot in 
the chair back. A fourth piece of brass, 3/16 in. thick, heated and bent into a 
symmetrical curve, describes a convex arc between the two arms, being securely 
welded at both ends, approximately 1/4 in. from the end of each arm. In the three 
holes, 34 in. in diameter, bored at the central point of intersection of each arm 
and the overhead curve, and in the overhead arc at the center or apex of the curve, 
are fitted brass bushings, each one turned, drilled, and tapped with steel pins, and 
each containing a suitable thumb-screw. A slit is made through the space between 
the bushing and the outer end of the left arm, and a perpendicular set screw in- 
serted, so that the overhead arc may be rotated to any desired plane, adjusted, and 
firmly set at the desired angle, depending upon the particular facial contour of the 
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monkey as well as upon the specific requirements of the experimental procedure. 
Through the hole in each of the three bushings is inserted a milled brass rod, 
334 in. long and 14 in. in diameter, the internally projecting steel pin of the bush- 
ing sliding in the groove so as to prevent the entire rod from rotating. The inner or 
central end of each rod is neatly but strongly joined and soldered to a piece of 20 
gauge sheet brass shaped to fit the particular region of the monkey's head against 
which it presses. This was accomplished by constructing a “negative” or concave 
wooden form from plaster and metal cast models of the entire head of the animal and 
then hammering the sheet brass to form. These plates, conforming to the right, 
left, and top regions of the head respectively, were then cut in such a way that 
when mounted on their respective rods and pressed in firmly against the head of 
the monkey, they do not overlap each other, leave the experimentally important 
eye and jaw regions entirely unobstructed, and yet hold the head rigidly in its 
normal position. These head supports were originally lined with 3£-in. sponge 
rubber, but when this lining proved unsatisfactory owing to the possibility of just 
enough movement for effective escape from the holder, a layer of common felt was 
substituted and finally adopted. Thus the apparatus provides an effective and prac- 
tical means of restraint; vision is not obstructed; and the monkey is able to reach 
out and seize food, transfer it to the mouth and eat it, as well as to manipulate 
other stimulating objects with which it might be confronted. 


A TIMER FOR VOCAL REACTIONS WITH THYRATRON TUBES AND MICROPHONES 
By Harry R. DeSiLva, Massachusetts State College 


The most widely used timer for vocal reactions’ consists of two voice keys con- 
nected in an electrical circuit with a timing device. The essential part of the voice 
key is a thin metal diaphragm which when moved slightly by vocal air puffs either 
makes or breaks an electric circuit. The difficulties and errors involved in operating 
such timers are numerous: (1) the keys have relatively long and different operating 
times; (2) they need to be adjusted frequently; (3) the persons using them must 
shout loudly in order to try to actuate the keys consistently; (4) some words in- 
volve such small air puffs that it is impossible to actuate the key in uttering 
them; (5) since explosive sounds may occur anywhere in a word, the timer may 
be started at the beginning of the utterance of some words and at the end of the 
utterance of other words. 

The timer described in this note avoids most of these errors by employing micro- 
phones which, when used with Thyratron tubes, respond quickly, sensitively, and 
uniformly to the first air vibrations that strike them. The operation is convenient 
and free from adjustment. 

The timer operates as follows: The E closes push-button PB (Fig. 1) and speaks 
in a normal voice into a microphone, which kicks the grid of a Thyratron tube. 
The tube actuates a relay and starts a Cenco timer. The S$ in responding speaks 


2K. Dunlap, The Johns Hopkins chronoscope, J. Exper. Psychol., 2, 1917, 249- 
2. 
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into a second microphone and initiates an identical series of events in a second 
Thyratron tube and relay which stops the Cenco timer. Push-button PB must be 
closed afresh and held closed each time the apparatus is operated. By using a 
push-button instead of a switch there is no drain on the B batteries except when 
the timer is in actual use. The sensitivity of the microphone can be adjusted by 
varying the setting of the potentiometer P. If the microphones are adjusted too sensi- 


CENCO 
25 VOLTS 
RS 


TS 
Fic. 1. WirinG DIAGRAM FOR TIMER OF VOCAL REACTIONS 


FG 17: Thyratron tubes, obtained from General Electric Co. 

P: GM Type-R potentiometer, 5000 ohms. 

R1, R2: 100,000 ohm 14 watt metallized resistors. 

R3: 50 ohm, 10 watt wire wound resistor. For the latest model Cenco, a higher re- 
sistance of about 100 ohms is needed. 

PB: Pear shaped normally open push-button. 

C: 0.1 mfd. paper condenser. 

X and Y: Dunco type ABYB27, 115 DC coil, 115 DC contacts, 5 amp. (Struthers 
Dunn, Inc., Philadelphia) 

M1, M2: American single button microphone (M & H Sporting Goods Co.) 

T1, T2: Single button microphone to grid transformers (M & H Sporting Goods 
Co 


T3: Filament transformer, secondary 2.5 volts at 5 amp. 

T4: Variac transformer from General Radio Co. 

All of the items except the Thyratron tubes can be obtained from the M & H Sport- 
ing Goods Co., 512 Market Street, Philadelphia; the American Sales Co., 44 W. 18th 
Street, N.Y.C., or from some other radio house. 
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tively, the E must sit at some distance from the S in order to avoid setting off the 
S's microphone when he utters the stimulus-word. 

The circuit is shown in Fig. 1. The D.C. supply may be any value from 50 to 
300 volts. The condenser, C, is included to prevent the tubes starting from a tran- 
sient when switch, S, is closed. If the Dunco relays mentioned are used, this D.C. 
voltage can be 135 volts from three B-batteries, or from a power pack. The current 
drain is about 80 milliamp. If other relays are used which have lower coil resistance, 
additional resistance must be introduced between the Thyratron anode and the relay. 

The potentiometer is for the purpose of maintaining the grids of the Thyratrons 
normally negative, so that they will not fire until kicked positive by the microphone 
transformers. Section L to M should be of a low enough resistance so that the volt- 
age drop in it due to the current flowing in tube A is not over four volts. 

The supply for the Cenco timer is conveniently obtained from a General Radio 
Variac transformer. When relay X closes, the Cenco timer is started, and when 
relay Y closes, the Cenco timer is shunted and stopped. This arrangement makes 
it possible to operate identical relays in the same way. Since the two relays are of 
the high-speed type and have the same characteristics, any difference in their time 
of operation will be negligible. 

The cost of materials for the outfit exclusive of the Cenco timer and the Variac 
is around $40.00, which is less than the price of one voice key, and a small fraction 
of the cost of the typical voice timer. The equipment including the four A-batteries 
for the microphones can be enclosed in a box 11 in. by 20 in. 
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A CRITICISM OF LUND’s AND CUFF’s APPARATUS AND TESTS OF OCULAR 
DOMINANCE 


Two attempts have recently been made to devise an apparatus and a test that 
would permit quantitative measures of ocular dominance.’ Neither, however, have 
succeeded; both contain errors which invalidate them. 

In Lund’s apparatus, the most recent devised, there is a head rest, an upright 
pointer the movements of which may be recorded, and a fixed background at which 
S sights. S is instructed to manipulate a lever so as to bring the upright pointer into 
alignment with one eye and the point of fixation. The pointer is brought in alter- 
nately from the left and right visual areas. Although Lund claims that his instrument 
is so arranged that “it is possible to determine both the kind and degree of eye 
dominance possessed by the subject,’’* he nowhere explains how this is done nor 
does he give quantitative differences in eyedness in his data. 

Figs. 1-3 show why Lund’s device cannot give quantitative results. In Fig. 1 
the point of fixation on the easel is assumed to be in the sagittal mid-ocular distance. 
If the pointer is moved along A-B from the right visual field the reading will 


*F. H. Lund, The monoptometer: A new device for measuring eye-dominance, 
this JouRNAL, 44, 1932, 181 f. N. B. Cuff, A manoptometer, sbid., 42, 1930, 639. 
* Lund, op. cit., 182. 
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be taken at d. If it is moved in from the left, the reading will be taken at e. The 
distance d-o, however, is the same as the distance e-o for every § having the same 
inter-pupillary distance. 
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Fics. 1-3. DIAGRAMS SHOWING REASONS Fic. 4. DIAGRAM SHOWING REASONS FOR 
FOR FAILURE OF LUND’sS DEVICE FAILURE OF CUuFF’s DEVICE 


In Fig. 2 it is assumed that the fixation-point forms a right angle with respect 
to the visual lines of sight, with the acute angle at the left eye. In this case d-o 
would give a larger reading than e-o and the § would be d-o/e-o right-eyed. The 
opposite situation holds in Fig. 3. 

All the Ss who have the same interpupillary distance, whose eyes are the same 
distance from the fixation-point, and whose heads occupy the same position on the 
head-rest with respect to the point of fixation, would have the same degree of ‘eyed- 
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ness. Whatever quantitative results are obtained are not at all measures of the 
degree of ocular dominance, but merely an indication of the extent of the inter- 
pupillary distance. 

Cuff’s device is similar to the one developed by Parsons.* The principal difference 
lies in the fact that the points on the easel at which S sights are on a graduated 
scale and can be moved nearer or closer to the central point. 

Fig. 4 is presented to show that this testing device cannot given quantitative 
measures of ‘eyedness.’ The diagram in this figure is drawn to scale based on 
measurements described by Cuff. In actual use the tube e-f-g-4 is 9 in. long and 
has an opening at the far end of 34 in. in diam. The point of fixation is taken at 
2 ft. from the mid-ocular distance. If the fixation-point X is assumed to be exactly 
in the median plane it will be necessary for S, if he sights with his right eye, to 
turn his head slightly to the right, as represented by the position e-f. The visual 
lines of projection for the right eye will then encompass X within the distance 
ab. The left eye covers a visual area the same size as that covered by the right eye, 
and is represented by the position cd. If the letter R is moved to where it is first seen 
at point @ it will be 6 in. from the center point of fixation X. If the letter L is 
moved in until seen at a it will be 34 in. from X. The degree of right eyedness 
possessed by this hypothetical § is 6 in. divided by 34 in. 

An inspection of the diagram shows that all Ss who place themselves in the same 
relative position to the point of fixation, X, and who have the same interpupillary 
distance will have the same degree of eyedness. The individual differences reported 
by Cuff are due (1) to differences in the interpupillary distances; (2) to a slight 
movement of the tube to the right or to the left of the point of fixation so that it 
is never directly in the center of the projected visual area of the sighting eye; (3) 
to the failure of S to note the stimulus-object the instant it moves into the area of 
vision; and (4) to the fact that the distance of the eyes from the fixation-point 
varies because the tube does not fit identically the heads of all Ss. 

It seems justifiable to conclude, therefore, that the attempts of Lund and Cuff 
to measure eyedness quantitatively have proved unsuccessful. 

Cleveland, Ohio BLAKE CRIDER © 


THE CORNELL A.C. CHRONOSCOPE 


Three improved forms of the synchronous chronoscope have been described by 
L. W. Max in the last issue of this JoURNAL.’ In the first form, the motor operates 
without the multipolar field of its prototype, the Dunlap chronoscope.? Max has used 
two field magnets instead of ten. The changes thus introduced are important: they 
reduce the cost of construction and they greatly simplify the piece. Furthermore, the 
student easily grasps the principles of its construction and operation. We have in- 
corporated these improvements in a number of chronoscopes that we have built* to 


* B. S. Parsons, Lefthandedness, 1924, 78. 

*L. W. Max, Three new models of the synchronous motor chronoscope with 
accessories, op. cit., 47, 1935, 152 f. 

* Knight Dunlap, The Johns Hopkins chronoscope, J. Exper. Psychol. 2, 1917, 
249-252; Methods of using balanced-magnet chronoscopes, Psychobiol., 1, 1918, 
445-458. 

* Through the courtesy of Professor Max, drawings and a working model of his 
chronoscope were loaned us for duplication. 
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take the place of the Sanford vernier chronoscope,* which has for many years been 
the standard apparatus for student's use in the elementary laboratory. 

In order to adapt Max's model to the requirements of an undergraduate laboratory, 
in which simplicity and ease of operation are at a premium, we modified it in three 
respects. ° 

(1) To dispense with the accessory apparatus necessary for its operation with D.C., 
we adapted the chronoscope for use with the 110-volt, 60-cycle, A.C. commercial 
circuit. The toothed rotor-wheel (Fig. 1, A) was provided with 12 instead of 10 


Fic. 1. THE CORNELL A.C. CHRONOSCOPE 


teeth so that it might receive 120 impulses a second from the magnets when ener- 
gized by the 60-cycle current and would rotate at the rate of 120 + 12, fe. 10 
r.p.sec. Thus reaction-times are registered on the dial face, which is divided into 100 
parts, in units of the decimal system, that is in 1/1000 sec. instead of 1/1200 sec., 
as was the case in Max's original model.° 


*E. C. Sanford, A simple and inexpensive chronoscope, this JOURNAL, 3, 1890, 
174-181; Improvements in the vernier chronoscope, ibid., 12, 1901, 590-594. 
* We are under heavy obligations to Mr. C. W. Perrollaz who is in charge of the 
Departmental shop. 
Max has since adopted this modification (op. cit., 152). The chronoscope may 
still be used with D.C., providing the current is interrupted. If a 60- or 120-cycle 
tuning fork is used the dial will register units of 1/500 or 1/1000 sec. 
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(2) To dispense with separate apparatus for reducing the strength of the com- 
mercial current (a lamp-bank was originally used by Max), we mounted the chrono- 
scope on a small stand beneath which we fastened an 8-volt bell-transformer (B) as 
an integral part of the apparatus. It could now be powered by simply plugging the 
apparatus into the commercial circuit. 

(3) To increase the usefulness of the apparatus, we added a rotation-counter— 
the small hand and dial at (C). This addition was suggested by Max, who also 
furnished us blue-prints of the design, but for reasons not given he omits it from 
his models and makes no reference to it in his published description.’ The rotation- 
counter increases both the cost and the variability of the apparatus; either might be 
the reason for the omission, but without it, since the rotations of the large hand are 
too rapid to be counted, reaction-times of 2000 and longer cannot be measured. 

With these three exceptions, our first model was made in accordance with Max's 
specifications. When we calibrated the apparatus with Wundt's large control ham- 
mer,” we found, however, that it was highly variable. Since the variability might 
have been due to the newness and stiffness of the chronoscope, we placed it in general 
use in the elementary laboratory. We not only sought to break it in by this means, 
but also to determine how sturdy it was and how well it would stand up under 
student’s use. We found during the course of a semester that the following additional 
modifications had to be made. 

(4) The hand on the large dial had to be carefully balanced; otherwise the 
vibration of the motor caused the heavier end gradually to settle or to creep down- 
ward, 

(5) Because of the filtering of dust into the bearings and clutch, the apparatus 
suffered an increase in variability and finally stopped. A dust-proof glass dome (D) 
removed this difficulty. The apparatus is not adequate, in our opinion, without this 
dome. 

(6) In order to eliminate the great variability which still persisted—we attributed 
this to the slip of the clutch under the inertia of the moving parts in the front part 
of the apparatus—we made the following alterations. 

(a) We lightened the moving mass in the front part of the apparatus and in- 
creased the strength of the clutch. The large dial-hand was made of magnesium and 
as small as was consistent with durability. The forward shaft and clutch-disk were 
lightened and special bearings were made for the shaft and also for the rotation- 
counter. Furthermore, the clutch magnets were made heavy enough to carry 15 volts 
in place of the 4 at first used. : 

(b) The two field magnets were also made heavier and the voltage upon them 
was increased. An 18-volt bell-transformer was used in place of the 8-volt. 

(c) The abutting surfaces of the clutch were roughened. We tried several ways 
of doing this—rough grinding, emory facing, and radial scratching or knurling. 
Since these changes reduced greatly the variability of the apparatus (from 4.9% to 
0.8%) we took the step they indicated and made a 100-toothed clutch after the 
principles used in the Hipp chronoscope.? When the apparatus was calibrated with 
this clutch, its variability was further reduced. From 0.8%, the best that we had 
previously obtained, it fell to about 0.25% The table below gives the results of the 
first 10 measurements made at three settings of the control hammer. 


* Op. cit., 153. 
®W. Wundt, Grundziige der physiologischen Psychologie, 3, 1911, 374 ff. 
* For a description and diagrams of the Hipp clutch see Wundt, op. cit., 369. 
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These results were obtained with a current of 15 volts on the clutch magzets 
Smaller voltages, even with the 100-toothed clutch, give greater variability. We have 
found that 15 volts is about the optimum. A greater voltage does not materially 
increase the constancy of the apparatus for, it must be remembered, that is dependent 


TABLE 
First 10 MeasureMENTS Mape AT THREE SETTINGS OF THE CoNTROL HAMMER 

Ist setting 2nd setting 3rd setting 

159 201 363 

158 202 362 

159 202 364 

159 202 362 

159 201 362 

159 201 362 

158 202 361 

159 202 363 

159 202 363 

158 203 363 

Av. 158.8 201.8 362.5 

m.v. 0.42 0.48 0.70 
% var. 0.26 0.23 0.19 


in part upon the constancy of the oscillations of the phase cycles of the commercial 
current. The variation in the phase cycles is extremely small,” but it is a limit beyond 
which the apparatus cannot be corrected. 

In its final form the Cornell Chronoscope gives promise of high usefulness in 
research as well as in the drill laboratory. Its accuracy is relatively great and its error 
is definitely measurable. In these respects it compares favorably with the Hipp 
chronoscope at its best. 

Cornell University Kart M. DALLENBACH 


A REMARK ON THE NEW FORMS OF THE SYNCHRONOUS CHRONOSCOPE 


In my New Field of Psychology, 1934, I have figured a slightly earlier form of 
the chronoscope described above. Since I there wrote of this instrument as the 
Cornell Electric Chronoscope, I am gratified to have both the Max and the Cornell 
pieces adequately described. In applying the fundamental principles of the constant- 
speed motor to the chronoscope, useful modifications of the excellent Dunlap instru- 
ment have come from both directions. 


MADISON BENTLEY 


* S. W. Fernberger, The accuracy of phase cycles in a commercial electric current, 
this JOURNAL, 44, 1932, 582 f. 
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THE OPERATIONAL BASIS OF PSYCHOLOGY 


Several times during its career the science of psychology has changed its mind 
about fundamental notions. Psychologists have taken pleasure in proving, at regular 
intervals, that psychology has gone so far astray as to require drastic revision, 
repudiation of the past, and the organization of some new school equipped to lay 
hold on the future. Revolution occurs easily when government is weak, and the 
notable instability of psychology may arise from its lack of rigor in the formulation 
of fundamental concepts, for into its most fundamental notions there has seeped 
a variable mixture of initiation, a priori postulations, reified entities, and empirical 
fact. 

The revolution that will put an end to the possibility of revolutions is the one 
that defines a straightforward procedure for the definition and validation of concepts, 
and which applies the procedure rigorously in a scrutiny of all fundamental concepts 
in psychology. Such a procedure is the one which tests the meaning of concepts 
by appealing to the concrete operations by which the concept is determined. We 
may call it operationism. It insures us against hazy, ambiguous and contradictory 
notions and provides the rigor of definition which silences useless controversy. 

(1) Origins. Operationism has its roots in positivism and is represented on the 
philosophical side by Carnap* who has formulated a linguistic operationism. However, 
the operational procedure as developed and applied to»physics and mathematics by 
Bridgman’ is the model which is most directly applicable to psychology. In physics 
operationism is a revolution. Operationism consists simply in referring any concept 
for its definition to the concrete operations by which knowledge of the thing in 
question is had. However, despite the rigor and obvious simplicity of such pro- 
cedure, physicists did not use it until coerced by Einstein. Classical physics had 
some concepts, such as Absolute Space and Absolute Time, which stood unquestioned 
until Einstein showed that they are not absolute, but are a function of the method 
of measurement employed. Thus Einstein demonstrated that, because of the finite 
velocity of light, it is impossible to determine by physical operations whether two 
events are simultaneous if by s/multaneous it is meant that they occur at the same 
instant in Absolute Time. Nothing was left, then, but for physicists to redefine 
simultaneity in terms of the operations by which it can be determined; and in 
so doing they found that they had been measuring physicists’ time, not Absolute 
Time. The same procedure, if applied to all of the concepts of science, would 
guarantee that, although the precise meaning of a concept may be modified in the 
light of new discoveries, no concept could thereafter be repudiated as empty and 
meaningless, for a concept would always be as good as its underlying operations. 

(2) Definition. We must first define an operation; and, if we are to be con- 
sistent, we must define it operationally. An operation is the performance which we 
execute in order to make known a concept. For instance, we can determine a length 


*R. Carnap, On the character of philosophical problems, Philos. Sci., 1, 1934, 
5- 19; and The Unity of Science, 1934. 
*P. W. Bridgman, The Logic of Modern Physics, 1928; and A physicist’s second 
reaction to Mengenlehre, Scripta Mathematica, 2, 1934, 3-29. 
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by applying to a certain object a measuring stick. What we mean by the length of 
the object is that the ends of the object coincide with certain marks on the measuring 
rod. In the case of the length of the path of light from a star to the earth, length 
is not made known, or the concept arrived at, by the measuring stick. Therefore, 
length in this latter case is a different concept from that of length when applied 
to the edge of the table. Other concrete operations® can be performed to determine 
the relation between these two concepts of length; but the concept of their relation 
depends upon these ‘other operations’ and the two ‘lengths’ cannot be considered 
identical. 

This definition is operational because it employs what is one of the most funda- 
mental operations, the operating of denoting or ‘pointing to’ the thing or the event 
which the term signifies. The operation of denoting is fundamental to most other 
operations, and, although it may not be used in the definition of a particular con- 
cept, resort must be had to it if misunderstanding arises. Consider the length of a 
table. Suppose that, by the operation of laying the meter-stick along it, we found it 
to be just one meter long. For most purposes the statement that the table is one 
meter long is sufficient. But suppose someone asks us what a meter is. The obvious 
thing is for us to show him a meter-stick, or, in other words, to denote a meter. 
That is an operational procedure. In the same way, if it is a question of conveying 
what is meant by a musical fifth to a completely naive person, the most satisfactory 
procedure is to sound two tones in the proper way and to say, “that is what is 
meant by a fifth.” 

(3) Discrimination as an operation. We have adopted the operation of denoting 
as though it were itself irreducible, as though it were everywhere applicable. There 
are times, however, when the operation of pointing to a thing cannot be employed 
because of the fact that the thing itself cannot be discriminated, i.e. it cannot be 
differentially sensed. The concept of the musical fifth, for example, cannot be com- 
pletely understood or denoted by a deaf person, because discrimination is absent. 
Discrimination, therefore, is the sine qua non of any and every operation including 
that of denoting. In this sense discrimination is the fundamental operation of all 
science. 


* Professor Bridgman would seem to admit the possibility of defining certain 
concepts by “imaginary” operations (op. cit., 12). This admission detracts from the 
rigor of operationism as a procedure for determining empirical definitions. However, 
there can ~ no objection to the formulation of concepts based upon purely imaginary 
operations such as those described by R. H. Dotterer (Monist, 44, 1934, 231-237), 
providing one cares for them, and providing also that he remembers that the con- 
cept thus generated is imaginary or hypothetical. We must, I think, distinguish sharp- 
ly between hypothetical and empirical concepts. However interesting the former may 
be to the philosopher, they are, from the point of view of science, mere fictions, 
since they lack operational meaning. Science is concerned with the formulation and 
determination of concepts which are based upon operations that can be carried out. 

This dictum does not mean, however, that every operation underlying a given 
concept must actually be performed. It is sufficient that it can be performed if neces- 
sary. How do we know that it can be carried out? We do not know, unless we try. 
However, if no one questions the possibility of the operation in question, it passes 
as accepted and need not be executed in fact. Occasionally—and this is the crucial 
point—someone will challenge the validity of a particular operation, and then the 
effort must be made to carry it out. The result will determine the fate of the con- 
cept in question. ; 
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Discrimination and denotation are very closely related, but they differ in that 
a thing cannot be denoted without being discriminated, although it can be dis- 
criminated without being denoted. Look, for example, at the first word on this 
page. Then the first word is discriminated from the second word and all other 
words on the page; and all other words are discriminated at the same time from 
the first word. However, only the first word is denoted; the other words are dis- 
criminated but not denoted. 

We must note that a reliable procedure for the determination of the concept 
of equality is to consider as equal all aspects of things which show no discriminable 
difference. Two things can be judged to be equal whenever discrimination of a 
difference is attempted and fails. The concept of identity itself has meaning only 
when defined in terms of the operation of discrimination, and, what is even more 
interesting, it always involves both a success and a failure of discrimination of a 
difference. When we say this marble is identical with that, we make a spatial 
discrimination of this from that; and when we say this marble was the identical 
marble which was seen a moment ago, we make a temporal discrimination between 
now and then. In both cases the marbles are judged to be identical if they cannot 
be discriminated in terms of any other aspect than their spatial or temporal rela- 
tionships. 

The concept of equality would vanish were it not for the fact that the differential 
sensitivity of the sense-organs is finite. If the eye could distinguish lengths of infini- 
tesimal size, it would be impossible to find two objects between whose lengths the 
eye could distinguish no difference. However, the capacity for discrimination in 
human observers is limited, and also variable. This limitation has as a direct con- 
sequence the fact that all operations are at best only approximations. A penumbra 
of uncertainty surrounds even the most precise and obvious operations. 

On the other hand, the limited capacity of the organism for discrimination is the 
factor which makes it possible for us to have operations in the first place. If our 
differential sensitivity were not finite we should be unable to select from the con- 
tinuity of nature those ‘gobs’ which we call objects and which we treat as identifi- 
able and as replaceable by other objects. We should also be without operations which 
could be identified and repeated at pleasure. In short, the finite character of dis- 
crimination is what makes Aristotelian logic possible. 

It is the sole business of psychology to test and measure the discriminatory capa- 
cities of the organism. To this end the elaborate techniques of psychophysics have 
been developed. To this end also the techniques of social and abnormal psychology 
have been devised, for the more elaborate responses (discriminations) of organisms 
in the face of complex stimulus-situations are such that their investigation cannot 
be pursued by the restricted methods of psychophysics. Sciences such as physics and 
chemistry, on the other hand, utilize discrimination to discover relationships be-. 
tween objects. Their progress hinges to a large degree upon the invention of 
methods for ‘amplifying’ objects and events in order to bring them within the range 
of the observer’s capacity for discrimination. Thus with the aid of new techniques 
of ‘amplification’ the chemist now differentiates two or three kinds of hydrogen atoms 
within a class of atoms formerly thought to be identical with one another. The 
development of ‘amplifying’ devices to aid differentiation may, on the one side, 
be limited by the ‘principle of uncertainty’ of Heisenberg or by Bohr’s principle 
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of complementarity, but, on the other side, there is always the limiting factor of 
the differential sensitivity of the observer. 

(4) Meaning as operations. When we examine a concept in the light of opera- 
tionism we discover that what is essential to the notion of meaning is wholly a 
matter of operations, and principally of the operation of denoting. This statement 
does not imply that every time we use a word of a certain meaning we accompany 
it by an operation; it means that whenever we make a conscious effort to explicate 
a term, either to assure ourselves of its meaning or to convey the meaning to another 
person, we necessarily fall back upon operations. The precision of these opera- 
tions determines the exactness or looseness of the meaning of a term. A term is 
vague for which there are many possible denotations, many different things to 
which one can point. 

Such is the case with the word pleasant. The meaning of this term is, of course, 
given originally by applying it to objects and situations. It is thus that a child learns 
the meaning of a word, by its repeated application to things and events. However, 
the attaching of the word to an event or object is an operation. Pleasant turns out 
to be ‘vague’ in meaning solely because there are so many different cases to which 
it can be applied. Yet it is not meaningless, for in any particular instance we can 
determine whether or not the term is applicable, and therefore we have an opera- 
tion for determining its meaning. 

Psychologists interested in affectivity find they must establish for the word 
pleasantness a more precise connotation. They proceed, by way of experiment, to 
discover the precise correlations between the response of a subject who says, “this, 
or that, is pleasant,” and the nature of the stimulus and the bodily processes in- 
volved. In this way the experimenter is able to point to more and more specific 
facts when he defines pleasantness. He finds, for example, that pleasantness is cor- 
related with the feeling of ‘bright’ as contrasted with ‘dull’ pressure within the 
body, and that the response can be evoked more readily by some colors or smells 
than by others. 

Psychologists follow analogous procedures in the case of other concepts. In fact 
a principal task of the science is to achieve more and more exact definition of terms 
through a more precise formulation of the operations which constitute the criteria 
of a term’s applicability. 

Refinement of definition comes about through discriminatory analysis. In the early 
stages a concept is apt to include many things not as yet differentiated. When 
closer scrutiny reveals that two quite different things can be discriminated within 
the original concept, we are obliged to say the concept means this one and not that 
one, or else that the concept is generic and includes them both. This process may 
repeat itself many times over, and can be carried to any stage desired. 

The case is quite similar when it is a question of describing or explaining a 
concept. How shall we explain to the layman what we hold to be the most plausible 
theory of the action of the auditory mechanism in man? Our explanation is certain 
to involve the concept of resonance. Resonance must be defined in terms of actual 
operations carried out. But suppose the layman does not understand some of these 
operations and does not know that they can be carried out. We should, then, 
describe the operations in terms of others which appear simpler to him by reason 
of his own experience. These operations may again be defined in terms of still 
simpler operations until we come at last to operations which seem to be at present, 
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though not necessarily always, fundamental and unanalyzable. This process might ek 


be called the operational regress. It is not infinite. 

In practice, the operational regress need be pursued only until agreement is 
reached. Many of our concepts, even though they are constructs of a high order of 
complexity and inference, pass unchallenged in ordinary commerce of ideas, be- 
cause their acceptance breeds no difficulties. Other concepts give rise to disagree- 
ments or misunderstandings when an attempt is made to use or define them, and 
then the concept must be examined and the operations for which it stands deter- 
mined. Since these operations may themselves involve concepts that are misunder- 
stood, or even disputed, it may be necessary to appeal to more basic operations, 
until agreement is had or until the cause of the dissension is determined. 

What happens is that at each successive stage we go back closer to the more 
simple discriminatory responses about which there is unanimity of agreement. 
Description of a concept may, at a certain level, be made in terms of constructs 
with little obvious relation to what we see or hear, but, when the description of 
the constructs themselves must be given, inevitably appeal is made to objects or 
events to which we can point. This resort to denotation occurs whenever descrip- 
tion or explanation is pushed far enough. Whenever it so happens that in making 
an explanation we land in a system of terms whose meaning we cannot denote, 
we are forced to admit, either that we do not understand the thing we are trying 
to describe, or that the concept itself is without empirical meaning. 

(5) The social aspect of knowledge. The systematic application of the opera- 
tional procedures to the facts and concepts with which men concern themselves 
generates a body of knowledge which we call science. An essential characteristic of 
all facts admitted to the body of scientific knowledge is that they are public. Science 
demands public rather than private facts. ‘Objectivity’ in’ science is attained only 
when facts can be regarded as independent of the observer; for science deals only 
with those aspects of nature which all normal men can observe alike. Scientific 
knowledge has, therefore, what we may call a social aspect. 

Science is a thing agreed upon by members of society.* One man cannot make a 
science, for as long as only one man knows a fact, that fact is not incorporated 
into the general body of science. The observation of the ornithologist who dis- 
covered that sparrows speak English because he heard them daily talking to him 
in English does not get into zodlogy simply because there is no agreement as to 
the fact. Not only does science reject his observations, but, if society finds it can- 
not persuade him to observe only what other people can observe, he is judged insane. 

The moral for the psychologist is that his science is not built up out of unique 
experiences which are private and known to him only. Unless the psychologist can 
report his experience in such a way that others can verify it, we are left with no 
dependable operation for establishing it. Operationism requires that we deal only 
with the reportable aspects of experience. Not only must the experience be report- 
able; it must be actually reported, verbally or otherwise. Operational psychology 
knows precisely nothing of unreported consciousness.’ 


‘Not only is science a social convention, but, as Carnap and others have. shown, 
language itself, including the rules for its use, is a convention based upon social 
sanction. From the social usage of words, there is no appeal. 

* The ‘report’ upon which the concept of consciousness is founded need not, of 
course, purport to be a statement of immediate awareness. This concept of ‘the 
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(6) The psychology of the other one. Since the subject-matter of science con- 
sists exclusively of ‘objective’ occurrences, the relation of the psychologist to the 
object of his investigation is fundamentally not different from that of any other 
scientist to his subject-matter. Sometimes the psychologist is supposed to be ob- 
serving his own consciousness. We cannot, of course, put up with the psychology of 
a particular man; we must have a psychology of men, and be able to bring the 
‘mind’ of any person into the scientific subject-matter. Consequently, psychology 
regards all observations, including those which a psychologist makes upon himself, 
as derived from “the other one,” and proceeds upon this basis to formulate opera- 
tions which define consciousness in general. 

The psychology of ‘the other one’ makes explicit for psychology the distinction 
which all science recognizes between the experimenter and the thing experimented 
upon or observed. The psychologist may fulfill the réle both of experimenter and 
subject-matter. He can observe a phenomenon and then, taking his observations as 
data, he can in the rdle of experimenter treat them as ‘objective,’ verifiable facts and 
draw conclusions from them. If, for example, he is investigating the stimulus- 
relations of the phi-phenomenon, he can either employ the services of another 
observer or he can make the observations himself. In both cases he treats the data 
as though they were obtained from ‘the other one,’ and whatever operations he 
applies to the other observer he can apply equally well to himself. The proof that 
the experimenter, while acting as observer or subject, is himself the object of study 
lies in the fact that at any moment another psychologist could step in and take over 
the task of experimenter without altering the results. In other words, the réle of 
experimenter is distinct from that of subject. 

Science has a lot to say about the subject, but little about the experimenter. 
There is, in fact, little to say, for in all science the experimenter is assumed. He is 
a being capable of performing the elementary, fundamental operations of observa- 
tion in the same way that other scientists perform them. The criterion of acceptability 
applied to an experimenter is that his discriminatory responses shall agree with those 
of other experimenters. In other words, his acceptance or rejection is a social matter. 
Further we cannot go with profit. 

The body of psychological science as it now stands relates to verifiable responses 
obtained from organisms treated as objects of study by capable experimenters who 
may or may not have served in the réle of investigated organism. It is obvious that 
in abnormal and animal psychology the experimenter maintains a position of ob- 
servation external to the system under observation. The same relationship must 
obtain in all scientific psychology. The utility of this type of ‘objective’ approach 
lies in the fact that all operations involved are essentially public and repeatable. A 
human being enters the situation as a complex physical system whose characteristics 
can be investigated by a method essentially the same as the methods used for the 
investigation of all physical systems. The essence of the procedure is the performance 
of a known operation on the system and the observation of the resulting changes 
or, in more conventional terms, the application of a stimulus and the observation 
of a response. By carefully controlling the conditions of the antecedent operations 
(stimulus), accurate knowledge of the system is obtained in terms of the subse- 
quent changes (response). 


conscious is like the concept of the ‘unconscious’ in that it may be inferred from 
behavior that is not verbal. 


x 
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For instance, by giving a subject instructions to report the relative loudness of 
the second of two tones (the instruction is part of the stimulus, since it prepares 
the system for the response) and then by proceeding with louder and louder pairs 
of tones, we discover a law of diminishing returns, the Weber function. In other 
words, we find that this physical system (the organism), when set to react to the 
difference between two intensities, requires a larger difference at a greater intensity. 
Similarly, in the case of the subjective harmonics of a tone, we are concerned with 
properties of the physical system which we call the “subject” or “observer” or “or- 
ganism.”’ In this case we operate on the system with one pure tone and get a re- 
sponse which is usual for a tone an octave higher, 7.e. the subject says he hears a 
tone corresponding to the octave of the stimulus. Here we have an auditory analogue 
of the visual illusions, although we have for it a better explanation than we yet 
have for most visual illusions. The system (subject) is affected by sound-waves 
by way of a sensitive mechanism, the ear, which transforms acoustic energy into the 
nervous energy, which in turn induces muscular activity to give what we call 
a response. The ear, however, is not faithful to the stimulus, but, because its elastic 
members do not obey Hooke’s law, it distorts the stimulus in the process of recep- 
tion and transforms some of the energy into another frequency. This energy gives 
rise to the subjective harmonics. 

This description of what used to be called ‘subjective fact’ is the general type. 
It can be made for every psychological phenomenon. Nothing gets into scientific 
psychology which does not appear in the form of overt changes in all or a part 
of the physical system which we call the subject, for only such changes can be 
dealt with by means of rigorous, univocal, repeatable operations. 

(7) Language as reaction. One of the most significant reactions of the human 
organism is the use of language. It is inevitable that much of the psychology of 
‘the other one’ should be derived from his language-responses, since these responses 
have exceptional significance. However, these responses can be considered in two 
quite different ways. They can be studied purely as muscular reactions, comparable 
to any other muscular twitchings, or else they can be studied in their réle of sym- 
bols. The first approach is straightforward and free of entanglements; but the second 
plunges us immediately into the problem of the meaning of words. Nevertheless, 
because of the prime importance of language as symbolism, the problem cannot be 
evaded. 

Difficulties arise most often when we accept words as data, for what we really 
want as data in most instances is the meaning of the words. We care more for what 
the words imply than for the words themselves. If the experimenter assumes that 
the words used by the subject mean what they would mean if the experimenter 
used them, he is apt to be in error, for the meaning of a word depends upon the 
past history of the person acquiring the meaning, and no two personal histories 
are identical. However, the experimenter can be more certain of the meaning, for 
the ‘subject,’ of some words than of others. An operational test in which words 
are applied to concrete objects or situations would show the meaning of such 
words as yes and no to be more certain and predictable than the meaning of words 
like brown and beautiful. Only such words as the former can be accepted as data 
if maximal rigor is desired. 

Operational psychology does not, however, preclude the use of words as data. 
It demonstrates, simply, that the concepts resulting from such practice can be no 
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more definite and precise than what is known of the meaning of the word in the 
mind of the subject. Complete rigor can be obtained only providing it can be demon- 
strated that the meaning is known, or else that the experimenter knows the com- 
plete history of the subject as regards the particular words in question, #.e. how the 
subject acquired the words. The latter alternative is readily achieved in animal ex- 
perimentation where the experimenter provides the animal with ‘words’ (condition- 
ings) whose history he knows, and which can therefore be accepted as reliable data. 
For a maximum of rigor, then, we must refuse, as far as possible, to accept as data 
words whose meaning for the ‘investigated organism’ is uncertain or unknown to the 
experimenter. 

(8) Conclusion. The course for psychology is clear. We must examine and sift 
the meanings of its concepts in accordance with operational procedure. We must de- 
termine as precisely as discrimination will permit what every term denotes. We must 
define the criteria by which we determine the applicability of a term in a given in- 
stance, and then, with psychology stabilized on the operational basis, we must 
expect still to maintain constant vigil against the human tendency to read into a 
concept more than is contained in the operations by which it is determined. Only 
then shall we never think of energy or consciousness as a substance; only then are 
we fortified against meaningless concepts. 

Harvard University S. S. STEVENS 


ANENT THE “REALITY OF BRIGHT AND DULL PRESSURE” 


Much has been said—and much more has probably remained unsaid for the same 
reason that some things have been unprinted—concerning the use of the questionary 
as a scientific instrument. The writer has already voiced his attitude in the matter 
in a previous publication.’ Few will argue that the questionary should become an 
utter outcast. Emotions are usually aroused and scepticism often prevails: (1) when 
the questioner presumes too much on the correspondent’s time, energy, and patience, 
in which case it often appears that the latter is doing the former’s work for him; 
and (2) when the correspondent clearly feels that the questionary is being used 
as a broad-axe for the preparation of microscopic specimens. In this case the instru- 
ment is not at fault, but the use to which it is being put is misconceived. 

The questionary recently devised by Hunt,” however, illustrates quite another 
point already indicated in the cited article. Whatever the worth of the results may 
be as they stand, even the casual student of psychophysics would realize in principle 
the force of the positive statement by way of suggestion and the necessity of check- 
ing this force through the use of the opposite form of that statement.’ Hunt fur- 


*C. A. Ruckmick, The uses and abuses of the questionnaire procedure, J. Appl. 
Psychol., 19, 1930, 32-41. 

*W. A. Hunt, The reality of bright and dull pressure, this JouRNAL, 46, 1934, 
334-336. 

*A number of studies have been made on the influence of suggestion under 
otherwise normal conditions. In the field of the affective processes mention should 
be made of Fernberger’s study on the naming and analyzing of emotional expres- 
sions of the face. A moderate degree of false suggestion led to a great increase in 
so-called ‘correct’ judgments of some of the expressions. This was equally true for 
the more vigorous type of false suggestion involved in analyzing the face. Some of 
the faces gave as high as 93% of so-called ‘correct’ judgments. Many returns were 
increased by the stronger suggestion. Cf. S. W. Fernberger, False suggestion and the 
Piderit nell, this JOURNAL, 40, 1928, 562-568. 
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thermore failed to analyze or isolate the separate items in the prescription which 
included at least two major items: (1) the qualitative experience of pleasantness and 
unpleasantness; and (2) their respective localization in the upper and lower re- 
gions of the trunk. 

Hunt's first questionary was as follows: 


It has been said that pleasantness is associated with a ‘bright pressure,’ a touch 
quality lying between a bright tactual pressure and tickle. It is a diffuse bodily feel- 
ing with expansive qualities, resembling expansiveness of the body, and is located 
in the chest. 

Unpleasantness has been associated with a ‘dull pressure,’ a touch quality lying 
between tactual dull pressure and strain. It is not extended and has qualities of con- 
striction, resembling bodily contraction. It is located in the abdomen, or low down in 
the chest. Consider the above statements in the light of your own experience and 
check your opinion of them on the following scale: true; probable; improbable; 
not true. Add any remarks you may care to make. 


His second questionary was: 


It has been said that pleasantness is associated with a light expansive feeling in 
the chest, and unpleasantness with a heavy, contracted feeling in the ‘pit of the 
stomach.’ 


His results for the first form showed a preponderance of returns on the side of 
approval: 26 true, 60 probable, 16 improbable, and 7 not true. The second form, 
put to another group of introductory students “during their first week's contact 
with psychology” and also to a smaller group of adults, was answered as follows: 
89 true, 91 probable, 10 improbable, and 20 not true. To the credit of the author 


it must be added that he also deals briefly with the comments entered under “'re- 
marks’ and that he does not go into statistical refinements. 

It occurred to the writer that it might be to the interest of methodology and 
possibly to the advantage of discussions in the realm of affective psychology, if the 
reverse form of the first general questionary were tried out. Only an elementary 
class at the end of the second semester’s work in the University of Iowa (188 
members), a class in elementary psychology at the end of the year’s work at Cornell 
College (18 members), and an advanced class in abnormal psychology also at 
Cornell College (12 members) were available at the time. In no class had the 
controversial issue been discussed. The questionary, then, was the same as the 
above except that “‘pleasantness” was assigned the description given in the second 
paragraph and “unpleasantness” was assigned the description given in the first para- 
graph; in short, it became the converse of the original form. 

Both the numerical replies and comments are interesting. The counts follow: 


true probable improbable _ not true 

University of Iowa 24 70 33 61 
Cornell College (1) 0 6 2 10 
Cornell College 0 0 4 8 

Whatever intellectual sustenance the advocate of one or the other side may find 

in these returns, it is somewhat alarming that in the University ‘elementary’ class, 

even after a year’s work, and contrary to the supposed ‘appeal to experience,’ the 

instructor's printed dictum carries sufficient weight to make the true and probable 

responses exactly balance the improbable and not true! On the basis of greater 
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self-assurance it might be maintained that true and not true should receive a heavier 
weighting than the respective probable and improbable. In that case the balance 
is definitely tilted in the direction indicated by the last of the four categories. The 
comments are relatively more numerous in the large ‘elementary’ class and offer a 
wide range of suggestions. But several who voted for true commented as follows: 
“The statements seem improbable at first reading, but upon thinking them over, 
I find that a remembrance of my own sensations proves them true’; ‘I have always 
felt that way;"’ “I agree heartily with the affective quality of pleasantness, but not 
so heartily with the latter; “Cleverly stated.”” Some of the objections had to do 
with the problem of localization, some with the descriptions of one or the other 
experience, and some with the difficulty or impossibility of converting an experience 
into bodily terms. 

In order to itemize the procedure more adequately on the basis of the comments, 
a different form of the questionary was devised omitting the authoritative statements, 
“it has been said’ and “has been associated.” The following form was tried out on 
an elementary class during its first week’s work: 


Insert either the word pleasaniness or the word unpleasantness in the blank 
spaces provided in each of the following groups: 
In my experience 


is associated with a ‘dull pressure,’ a touch 
quality lying between tactual dull pres- 
sure and strain. 

is associated with a ‘bright pressure,’ a 

touch quality lying between bright tact- 

ual pressure and tickle. 
BOD. is a diffuse bodily feeling with expansive 
qualities, resembling expansiveness of 

B the body. 

is not extended and has qualities of con- 
striction resembling bodily constriction. 
. i siceemwestagsacenehiawes is located in the abdomen or low down 


in the chest. 


Remarks (add any remarks you may care to make) 


Altogether, 198 forms were filled out by the members of this class early during 
the fall of 1934 and before instruction was well under way. Tabulation of the 
results follows: 


A B 
(1) (2) * (1) (2) (1) (2) 
Unpleasant 178 23 16 172 124 125 
Pleasant 18 173 175 18 64 61 
Blank 2 2 F 8 10 12 


It will be noticed that, in spite of the fact that no definite cues were offered 
and that the expected replies were alternated in the order of sequence, the great 
preponderance of returns favored unpleasantness as associated with dull pressure 
and pleasantness with bright pressure. In about the same proportion unpleasantness 
was filled in against the statement that it is not extended and has qualities of con- 
striction and pleasantness was filled in against the statement that it is a diffuse 
bodily feeling with expansive qualities. The matter of localization, however, when 
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divorced from the other two items, as it was in this questionary, becomes equivocal. 
Pleasantness was localized with equal frequency in the abdomen, or low down in the 
chest, and in the chest. The same holds true for unpleasantness in both localizations. 
It should be noted, however, that localizations for unpleasantness were twice as 
frequent in both places as for pleasantness. The fact that a larger number of blanks 
occurred here than in the two other divisions may also be indicative of the difficulty 
in answering this section of the questionary. 

We turn to the remarks. By far the majority of answers expressed doubt con- 
cerning localization. With a variation in tune, the recurrent theme may be couched 
in the words from one of the papers: “but ‘C’ in my opinion is quite meaningless.” 
Not a few of the papers expressed doubt about the questionary in general, since 
no instruction had been given on the topic of feeling and only the alternative 
words presented could be used. This remark, with variations, is perhaps best ex- 
pressed in the following excerpt: “I do not know as either pleasantness or un- 
pleasantness fits in some of the cases, but since the choice is limited to the two words, 
selection is comparatively easy.” 

A more direct answer to this controversy than any questionary could furnish may 
be found in the results obtained by Converse’s study.‘ Under carefully controlled 
conditions where the factor of suggestion, outside of meanings which the words 
themselves implied, was painstakingly eliminated, no high correlations were found 
between the judgments of pleasantness and unpleasantness on the one hand, and 
bright and dull pressure on the other hand. By introducing a new couple, personal 
and impersonal, fairly high correlations were obtained from all five observers. But 
the author quite rightly noted that high correlations might well be established be- 
tween hundreds of pairs of words having no more connection psychologically than 
the affects and pressures and ‘personal-impersonal.’ 

The present writer holds no brief either for the effectiveness of the form which 
his questionary took or for the results obtained. In a very crude way results again 
are a function of the procedure, especially in view of the fact that, in the attitude 
of an instructor standing in front of a beginning class, a certain amount of authority 
must be lent to the restricted choice presented in the questionary. The small number 
of blank returns on A and B may be an index to this attitude. But when the choice 
is restricted and the Os are naive students depending upon their recollections under 
the conditions of the test, there is no doubt about the formula that pleasantness is 
associated with bright pressure and unpleasantness with a dull pressure, as these 
were respectively defined; also, that pleasantness has a diffuse bodily feeling and 
that unpleasantness has qualities of constriction. One additional point, however, 
must be emphasized. None of the forms which the questionary has thus far taken 
justifies the interpretation that pleasantness is a bright pressure or that unpleasant- 
ness 7s a dull pressure identified with these related touch qualities. This is a moot 
question still to be settled and surely on the basis of more advanced Os with ana- 
lytical skill and with less suggestibility from printed forms or instructional staff. 
The writer submits the data obtained with all the reservations thereto attached in 
the hope that a more convincing criterion may presently be evolved out of the dis- 
cussion which should follow. 

University of Iowa CHRISTIAN A. RUCKMICK 


*E. Converse, The relation of bright and dull pressures to affectivity and the 
method of correlation, this JOURNAL, 44, 1932, 740-748. 
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NorMAL EQUATIONS AND THE ® (y)-HyYPOTHESIS 
Lufkin has asserted that the @ (y)-hypothesis, as employed in the method of 
: constant stimuli, can not be treated by the method of least squares because the 
conventional constants, 4 and c, are not independent magnitudes: ¢ = A/L.’ How- 
ever, the observation equations can be restated so as to avoid this difficulty, and it 
is the purpose of this note to exhibit this more useful formulation. 
The @(y)-hypothesis, as invoked to express a probable relationship between 
stimulus and increasing frequency of response, dictates these special equations 


+ (k = 1, 2,...,n) [A] 


I! 


pe 


where 


yx = bre — AL [B} 


To obtain the most likely values of the constants 4 and L by way of least squares, 
the equations [A] must first be appropriately weighted. Urban has suggested that 
each be weighted in accordance with a value which amounts to the reciprocal of the 
variance of p, provided of course that all stimuli are presented the same number 
of times? 

Were it possible readily to determine the most probable values of 4 and L 
directly from the equations [A], weighted relatively by the factor 1/(pq), the re- 
sults would indeed satisfy our requirements. Unfortunately, such a determination 
involves much tedious labor. Miiller, however, invented a labor-saving device.’ He 
plotted » against y and noted that any small change in p (which may be regarded as 
a p-residual) is lawfully related to a correspondingly small, change y (which in 
turn may be looked upon as a y-residual). He found this relationship to be 


(6p) = ki (57). [C]} 


Since his problem required that he render least the sum of the squared p-residuals, 
Miiller squared both sides of the equation [C]}, and obtained 
(5p)? = kz {D] 

The expression [D] thus relates any squared p-residual to its squared and corre- 
sponding y-residual. The value 4.e~?% is known as Miiller’s ‘weight;’ however, 
it is rather an index of proportionality—a conversion factor, as it were. 

As an index of proportionality, this factor or ‘weight’ makes it possible to 
avoid the labor of directly reducing the sum of the squared p-residuals (say) 


1 1 -L) 
dx = 0, with the weights, [E]} 


to a minimum. Instead it is necessary simply to make least the sum of the squares 
of the y-residuals 


*H. M. Lufkin, The accuracy of the method of constant stimuli, this JOURNAL, 
38, 1927, 666-667. 
* F. M. Urban, Die psychophysischen Maasmethoden als Grundlagen empirischen 
Messungen, Arch. f.d. ges. Psychol., 15, 1909, 261-355; ibid., 16, 1909, 168-227. 
*G. E. Miiller, Uber die Maasbestimmung des Ortsinnes der Haut mittels der 
Methode der richtigen und falschen Fille, Arch. f.d. ges. Physiol., 19, 1879, 191-235, 
esp. 197-207. 


NOTES AND DISCUSSIONS 
— hre + hL = 0, with the weights  (F] 


In essentially this clever manner does the present-day psychophysicist succeed 
indirectly in minimizing the sum of the squares of the p-residuals in order to secure 
the most probable values of the constants 4 and L. The equations [F], thus ‘weighted’, 
ray now legitimately be treated as if they were the ‘true’ observation equations 
{E}. 

The next requirement for a simple least-squares treatment is that the [F]-equations 
be linear in terms of the desired constants. Since the equations [F] are not linear 
in form, traditional practice (dating from Miiller) has resorted to the expedient of 
setting the product AL equal to the value c: 


— hn +c = 0, with the weight (pig); 
v2 — hre +c = 0, with the weight 


Yn — hr, +c = 0, with the weight €7,"/(Pngn). 


This surrogation, introduced merely to facilitate computation, may be designated 
Miiller’s substitution. Mathematically speaking, it is both unnecessary and improper 
—as will become apparent in a moment. Nevertheless, it is from these equations 
{G] that the normal equations are conventionally derived. This is to say that, in 
order to secure the most probable values of 4 and ¢ (and, ultimately, the most 
probable value of L), conventional psychophysical procedure treats the equations 
{G] as if ¢ and 4 were independent magnitudes—a fact which becomes clearly 
apparent as soon as one considers the conditions which must be fulfilled in order 
to obtain the most likely values of ¢ and 4. Specifically, these conditions are: 


d/dh = P (y — Ar + c)*? = O, for constant c; 
d/de = P (y — fr + c)? = O, for constant 4: [H] 


where P is the Miiller-Urban weight [ = (k)e~*7*/(pq) J. 


Such a differential operation is permissible if (and only if) the magnitudes upon 
which the function rests are independent. Since 4 and ¢ are known to be not in- 
dependent but dependent,* this procedure for arriving at the ‘most probable’ value 
of the limen, L, appears to be illegitimate. We are thus confronted by the obstacle 
that Lufkin indicated and regarded as a sufficient reason for the rejection of the 
entire method.* 

There exists, however, a legitimate procedure by which this obstacle may be 
avoided—Lufkin’s implication to the contrary notwithstanding. It consists in re- 
writing the observation equations [F] in such a manner that they are univocally 
linear in terms of the desired constants, and in such a manner that they accord fully 
with the rules of the method of least squares. The trick is turned, with surprising 


*G. H. Thomson, The accuracy of the @ (y)-process, Brit. J. Psychol., 7, 1914, 
44-55; E. Culler, The accuracy of the method of constant stimuli; a reply to Dr. 
Urban, this JOURNAL, 38, 1927, 307-312. 

* Lufkin, op. cit., 667. Lufkin’s principal contention that the method of least 
opaee breaks down if 4 and ¢ are used is obviously correct, and the first mention 
this difficulty stands to his credit. 
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directness and simplicity, by a substitution different from (but just as simple as) 
the one employed by Miiller (AL = c). 

4 The precision-index of the differential ‘distribution’ is related exactly to a value 
which is the equivalent of the standard deviation of that ‘distribution’ by a mathe- 
matical function which is hyperbolic in form: 4 = 1/[o (2)4]}. Thus if we sub- 
stitute 1/[o (2)4]} for its equal, 4, in the equations [F], we shall in no way have 
altered the values of y and our observation equations will then read 


(2)4}0—7,+L=0, 
[v2 (2)4)o—n+L=0, 


If we now replace [y (2)4] by its equivalent I, we have 
Tio—r+L=0, 
IT.o—n+L=0, 


These equations are linear in L and o, the values sought; and they may be used 
to form normal equations under the method of least squares. Once the most likely 
value of o has been determined, 4 (if desired) may be derived from o equals 
(2)8}. 

The most probable values of o and L will be those which satisfy the general 
conditions 


(9/20) 2 P(To—r+Ly=0 [K] 
(2/9L) 2 P(To—r+L)=0 


where o and L are two independent magnitudes. Carrying out these partial differ- 
entiations, factoring, and grouping, we obtain the following normal equations: 
(Pr) == (Pr r) 
o° (Pr) {L} 
whence 
(PT) -= (Pr) —=(P) - = (PI r) 
(= PT)?—S (P) = 


[M} 


and 
= (Pr) -=(PI*) — = (PL) - 
= (P) = — Pr)? 


where L is a point on the stimulus-continuum definitely corresponding to the mid- 
point on the psychometric function (if one assumes normality) ; L is the limen. 

In view of the vast number of limens which have been computed on the basis 
of the validity of the equations [G], it is gratifying to state that both sets of 


* The equations [I] and [J] must of course be appropriately weighted, e.g., by 
P. The values of I’ may be found directly by consulting K. Pearson, Tables for 
Biometricians and Statisticians, 1930, Table II, 3-8. The T-values are found in 
column 1; the p-values in column 2. 
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equations, [G] and [J], yield logically identical results. The theoretical and prac- 
tical significance of the present correction lies in the fact (1) that it places the 
derivation of the limen on a more solid mathematical basis than it has customarily 
enjoyed, (2) that it employs the more meaningful root-mean-square deviation o 
instead of the ‘precision-index’ 4, and replaces the somewhat antiquated y by the 
more appropriately and completely tabulated values of I, and (3) that it affords in- 
sight into a source of error as regards the several existing (improbable) probable 
errors of the limen. The Miiller substitution has too long provided a basis for con- 
troversy in regard to the derivation of the probable error of the limen (that value 
of the stimulus corresponding closely to the p = .50).’ The demonstration that the 
use of ¢ (= AL) is not only mathematically improper but also that it is wholly 
unnecessary to a correct formulation of the ® (y) normal equations, prepares the 
ground for a clearer understanding of the issues actually involved in the derivation 
of the probable error of the limen. 
Harvard University ALFRED H. HoLway 


THE ORGANIC NATURE OF FATIGUE 

It is undesirable to attempt to devise a test for a process without having a reason- 
ably plausible concept of the nature of the process, but this is just what has been 
repeatedly done in the case of fatigue.’ One of the most satisfactory general definitions 
of fatigue was given by Ash in 1914: ‘Fatigue is a comprehensive term which in 
its widest application embraces all those immediate and temporary changes, whether 
of a functional or organic character, which take place within an organism or any 
of its constituent parts as a direct result of its own exertions, and which tend to 
interfere with or inhibit the organism’s further activities.” Fatigue is a local or 
general condition of impairment, and it is the result of a variety of causes rather 
than the result of only one. Response to stimulation produces an increased metab- 
olism, and this increase in metabolism produces the phenomena of fatigue. Accord- 
ing to Bronk, “it seems inevitable that all living tissue should tend to show a 
progressive decrease in capacity for response as a result of previous activity.”* One 
cannot read even a small portion of the literature on fatigue‘ without becoming 


*Cf. (1) Thomson's objections to Urban’s formula, Thomson, of. cit., 50; 2) 
Culler’s ‘practical’ proposal, E. Culler, Studies in psychometric theory, Psychol. 
Monog., 35, 1926, (no. 163), 56-137,—the article in question being: VI. The 
probable error of the limen and its derivation; (3) Urban’s objection to Culler’s 
proposal, F. M. Urban, The accuracy of the method of constant stimuli, this JOURNAL, 
38, 1927, 254 ff.; (4) Culler’s retaliation, E. Culler, The accuracy of the method 
of constant stimuli; a reply to Dr. Urban, this JoURNAL, 38, 1927, 307-312; and 
(5) Lufkin’s terse pronouncement, Lufkin, op. cit., 667. This entire controversy re- 
volves about the (entirely unnecessary!) value ¢ (= 4 L) and its ‘properties.’ _ 

* Cf. Max Offner, Mental Fatigue, 1911; Raymond Dodge, The laws of relative 
fatigue, Psychol. Rev., 24, 1917, 89-113; Josefa loteyko, La fatigue, 1920; B. 
Muscio, Is a fatigue test possible? Brit. J. Psychol., 12, 1921-22, 31-46; and A. T. 
Poffenberger, Applied Psychology: Its Principles and Methods, 1927, 133-163. 

eg E. Ash, Fatigue and its effects upon control. Arch. Psychol., 4, 1914, (no. 

*D. W. Bronk, Fatigue of the sense organs in muscle, J. Physiol., 67, 1929, 270. 

“We have attempted to give a reference to each of the general organic factors 
which seem to be present and involved in fatigue, but the omission of an article does 
not mean that it should not be held in high regard. 
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convinced that it is impossible to make simple what is organically complicated, and 
that it is unwise for a person to postulate ‘physical’ and ‘mental’ fatigue and then 
assume that he has disentangled what cannot be disentangled in the body. 

Some writers have defined fatigue in a somewhat arbitrary manner, and have 
then assumed that their definition included all organic processes and non-organic 
factors that were worthy of consideration. Definitions of fatigue have stressed the 
work decrement, relative refractory phase, conscious activities, the central nervous 
system, kinesthetic sensations, psychoanalytic mechanisms, and even adrenalin; and 
each definition has suffered from the fact that it unsuccessfully attempted to ex- 
clude organic factors which were known to be present. 

Such a non-organic factor as the work decrement can be, and often is, applied to 
inanimate machines as well as to animal bodies. There is only a limited value in 
defining fatigue in terms of muscular sensations alone when it is well known that 
other factors are involved. Defining fatigue in terms of the work decrement is not 
the only alternative to defining it in terms of conscious feelings. A concept of 
fatigue should not be regarded as poor just because it does not lend itself to some 
easy applications to school children or because it cannot be readily employed in 
securing a greater financial return from the work of industrial laborers. 

Psychologists have shown only a limited enthusiasm for the concept of ‘mental’ 
fatigue,’ and there are only a few students who would care to defend a concept of 
fatigue in terms of ‘the neurones.’ 

Conscious processes invoive and are involved in fatigue,° and conscious fatigue 
sensations influence many verbal and other processes; but conscious sensations are 
not the general point of departure in the present treatment. Our attitude towards 
conscious fatigue sensations is influenced by the fact that we regard a sensation in 
general as the first activity which occurs in the central nervous system as a result 
of nervous impulses passing to it over the afferent paths, regardless of whether this 
activity is conscious or not.’ Each of the different kinds of fatigue—such as con- 
scious fatigue, unconscious fatigue, fatigue of sense organs, fatigue of nerves, fatigue 
of muscles, chemical fatigue, neurasthenic fatigue, etc—has an organic nature. 
Physiologists and neurologists are perhaps more inclined than psychologists to re- 
gard conscious processes as something special; and the only way to make our concept 
of the organic nature of fatigue entirely clear is by considering some of the experi- 
mental studies, and for this purpose we shall use a study by Bronk and one by Reid. 
The present concept of fatigue, although not generally used by psychologists or by 
physiologists, should prove acceptable to both. 

Bronk’s study. Bronk used the methods which Adrian has recently developed for 
the study of afferent impulses,* and his experiment was carried out in Adrian's 


® Edouard Claparéde, Experimental Pedagogy and the Psychology of the Child, 
1911, 209-320; C. S. Myers, A Text-Book of Experimental Psychology, 1911, 172- 
188; C. S. Myers, Conceptions of fatigue and adaptation, Psychol. Rev., 32, 1925, 1- 
16; Tsuru Arai, Mental fatigue, Teachers College Contr. Educ., 1912, no, 54; 
E. S. Robinson, Work of the integrated organism, Handbook of Experimental Psy- 
chology, Edit. by C. Murchison, 1934, Chap. 12; and A. G. Bills, General Experi- 
mental Psychology, 1934, 389-533. 

* Hulsey Cason, General curves and conditions of feeling, J. Appl. Psychol., 15, 
1931, 126-148. 

* Hulsey Cason, General visceral sensations, J. Gen. Psychol., 12, 1935, 214-222. 

* Bronk, op. cit., J. Physiol., 67, 1929, 270-281. 
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physiological laboratory at Cambridge, England. The preparation employed was the 
flexor superficialis digitorum muscle and the tibialis superficialis nerve of the frog. 
The muscle was large enough to withstand considerable tension, and there were 
enough sense organs in it to enable one to observe the way fatigue develops in such 
a group. Discharges from what seemed to be single sense organs were studied when 
all except one of the active afferent fibers had been cut between the muscle and the 
electrodes. The experiments were carried out on non-circulated excised tissue, and 
the muscle was clamped in one compartment of a double moist chamber, a thread 
from the tendon being attached to a loading lever. This lever was lowered at a 
definite rate by means of an oil dashpot. The nerve passed into a second compart- 
ment where it was slung across two non-polarizable electrodes which were connected 
with a 3-valve amplifier and a capillary electrometer. Fatigue of the sense organs 
was studied by photographing the afferent nerve impulses during prolonged load- 
ing of the muscle and during stretches following the sustained tension. 

Under these conditions Bronk found that the first rapid adaptation of the sense 
organs was followed by a more gradual decrease in the frequency of their impulse 
discharges, and this decrease was attributed to fatigue. There was a greater decline 
in the frequency of the afferent impulses when the tension applied to the muscle was 
increased, and a reduction in the stimulus caused ‘an increase in impulse frequency 
and a partial recovery from fatigue. The decrease in frequency during a prolonged 
stimulus was partly due to progressively fewer sense organs discharging as the 
stimulus continued, and as single sense organs fatigued there was a decrease in the 
frequency of their impulse discharges. 

Some muscles were stretched over 1000 times with only 1-sec. intervals of rest, 
and the sense organs showed no appreciable fatigue when the successive stretches 
were of short duration; but the response to a subsequent stretch was greatly reduced 
when the duration of the tension was prolonged for several minutes. The decrease in 
the discharge frequency proceeded more and more rapidly with fatigue. Loading the 
muscle in an atmosphere of nitrogen had the effect of hastening fatigue of the sense 
organs and of retarding recovery, and loading the muscle in an atmosphere of oxygen 
had the opposite effect. 

Bronk’s study shows, among other things, that the condition and activities of 
sense organs in muscles influence the sensations from the muscles, and, through 
these sensations, many reflex processes of the organism. 

Reid’s study. Reid’s study was partly concerned with the influence on fatigue of 
afferent impulses from voluntary muscles.® In one experiment on voluntary muscular 
fatigue in man, he used isotonic contractions of the flexor sublimis digitorum 
muscle, and these contractions were recorded by a Mosso ergograph. The results 
were checked with some that were obtained when the muscle contracted practically 
isometrically. Experiments were carried out with different weights and with dif- 
ferent rates of contraction. Artificial peripheral stimulation was applied to the 
median nerve at the elbow, to the motor point of the flexor sublimis digitorum 
muscle, and to the body of the muscle. The peripheral stimuli were mostly faradic 
stimulations lasting from 0.2 to 0.6 sec., and the rate ranged from 12 to 80 per 
min. Single induction shocks and faradization periods of several seconds were also 


* Charles Reid, The mechanism of voluntary muscular fatigue, Quart. J. Exper. 
Physiol., 19, 1929, 17-42. 
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used. Ischaemia was induced in the arm in some of the experiments, and several of 
the results were checked on animals. 

The data obtained led to the conclusion that central factors were involved in the 
fatigue of voluntary muscle, but that there may have been an overlapping effect in 
the failure to contract of the muscle itself. This failure in contractility varied with 
the speed of the voluntary efforts used to induce fatigue, and with a slow series 
there was little evidence of a reduction in contractile power. Local conditions arising 
in the muscle seemed to have an inhibiting influence on the activity of the muscle, 
through afferent impulses to the central nervous system. 

Voluntary muscular fatigue in the central nervous system occurred earlier when 
the arm was artificially made ischaemic than when circulation was intact, and this 
earlier central failure with the arm ischaemic was attributed to the influence of 
afferent inhibitory impulses from the working muscle. The fatigue of static volun- 
tary contraction which seemed essentially central in origin was markedly different 
from fatigue induced by a series of voluntary efforts. Fatigue in short ischaemic 
voluntary efforts was essentially central in nature, but in voluntary efforts lasting 
longer than 5 min. ischaemic static contraction declined more rapidly than contrac- 
tion with the circulation intact. This more rapid decline in the ischaemic condition 
seemed contingent upon the presence of afferent impulses. Reid in fact states that 
“in view of the evidence submitted as to the importance of afferent nervous im- 
pulses in the processes of voluntary fatigue for local muscular actions under normal 
and ischaemic conc‘tions, it is probable that afferent nervous impulses of similar 
origin tend to limit the muscular response in more widespread voluntary efforts, 
in addition to factors involving (a) the contractility of the muscles themselves, - 
(4) the central nervous system directly.” Reid’s results show that afferent im- 
pulses from voluntary muscles are factors in producing fatigue in these muscles, 
regardless of whether the sensations are conscious or not. Similar conclusions have 
been reached in other ways and in other connections by Bills, Jacobson,” John- 
son,” and Langfeld.™ 

The organic nature of fatigue. The experiments of Bronk and Reid are not con- 
cerned with all of the factors which are known to be involved in fatigue, but their 
studies are fair examples of the methods which may be used in securing scientific 
data on fatigue. Each of these studies deals with tangible processes of the organism, 
and neither ignores the organic framework of what is being studied by emphasizing 
the practical advantages of some fatigue test. There are several other experimental 
facts, however, which also support the concept of the organic nature of fatigue. 

It has been found that in the circle of nerves and other structures connected with 
striped muscles, the largest amount of fatigue occurs in the central nervous system, 
the least amount in nerve trunks, and an intermediate amount in sense organs, 
muscles, and motor endplates.” It is generally thought that the synapse is more 


Tbid., 40. 

" Bills, op. cit., 389-533. 

” Edmund Jacobson, Progressive Relaxation, 1929, 1-429. 

**H. M. Johnson, Sleep, Readings in Experimental Psychology, Edit. by W. L. 
Valentine, 1931, 241-291. 

“H. S. Langfeld, A response interpretation of consciousness, Psychol. Rev., 38, 
1931, 87-108. 

*P. G. Stiles, The Nervous System and Its Conservation, 3rd ed., 1924, 114-126; 
and C. J. Herrick, An Introduction to Neurology, Sth ed., 1931, 109-122. 
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susceptible to fatigue, to anesthetics, and to nicotine than other parts of the 
nervous system. The extreme claim that the central nervous system hardly fatigues 
at all (Thorndike) or that practically all fatigue occurs in the central nervous sys- 
tem (Mosso) has been contradicted by experimental data.” 

It is well known that fatigue is influenced by the general condition of the cir- 
culation, and Dolley has stressed the distinction between fatigue of excitation, or 
the consumption of substances that are necessary to life, and fatigue of depression, 
or the accumulation of decomposition products.” The accumulation of waste products 
has attracted more attention, but the consumption of food substances also has to be 
considered. Muscle fibers and nerve cell bodies appear to be especially susceptible 
to fatigue of excitation (by the consumption of reserve material), and synapses and 
motor end-plates appear to be especially susceptible to fatigue of depression (from 
the accumulation of toxic substances). The more highly differentiated nerve centers 
are apparently more susceptible to fatigue than the lower reflex centers.” 

Carbon dioxide, lactic acid, acid potassium phosphate, and other products of 
prolonged muscular exercise are dissolved in the blood stream, and they impair 
the functional activity of many tissues of the body.” In extreme fatigue the accumu- 
lation of toxic products in the blood reduces glandular secretions, and the toxic 
products may interfere with digestion. The motor end-plate is not the only tissue 
that is affected by these chemical agencies.” When circulation is intact, the extreme 
fatigue of one group of fibers in a muscle may not produce fatigue in a commingled 
group of fibers. The individual fibers in a healthy muscle are sometimes protected 
from metabolites accumulating in adjacent fibers. Some rotation of fiber activity 
seems to occur in long maintained postural responses,” and the postural responses 
of striped muscles show much less fatigue than other forms of activity in these 
muscles. 

The réle of adrenalin in restoring muscular efficiency after fatigue has been some- 
what overdone, for there is only a poor transfer from the almost paralyzed laboratory 
cat to the usual calm pattern of man’s everyday life. Orbeli, however, has shown 
that during tetanic responses, sympathetic stimulation retards the development of 
fatigue, and that when a skeletal muscle is fatigued, the activity of the sympathetic 
nervous system accelerates recovery.” 

It is possible that enough organic processes have now been mentioned to give 
plausibility to the view that more than one kind of bodily process is always involved 
in fatigue. In the total organic pattern, the activity of striped muscles modifies the 
afferent impulses from these muscles to the central nervous system, these afferent 
impulses change the functions of the central nervous system, the central nervous 


* See Alexander Forbes, The place of incidence of reflex fatigue, Amer. J. Physiol., 
31, 1912, 102-124. 

"D. H. Dolley, Fatigue of excitation and fatigue of depression, Internat. Monats- 
schrift f. Anat. u. Physiol., 31, 1915, 35-62. 

*C. J. Herick, op. cit., 109-122. 

*F.S. Lee, The cause of the treppe, Amer. J. Physiol., 18, 1907, 267-282; E. L. 
Scott, The present status of our knowledge of fatigue products, Public Health Re- 
ports, 33, 1918, (no. 17), 605-611; and A. B. Hastings, The physiology of fatigue, 
Public Health Bulletin, 1921, No. 117. 

” J. F. Fulton, Muscular Contraction and the Reflex Control of Movement, 1926, 
190-202. 

Fulton, op. cit., 177-203. 

Fulton, op. cit., 408-413. 
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system influences the efferent impulses to the muscles, and these impulses alter 
the conditions and activities of the muscles. It commonly happens that these and 
other processes are present simultaneously, and in experimental work it is desirable 
at least to recognize the existence of these factors. If all of the psychological, 
physiological, and neurological students of fatigue could come together on the one 
point that all of the phenomena of fatigue have an organic nature, it seems that 
there would be a much better prospect for a rapid increase in our knowledge of this 
subject. 
University of Wisconsin HuLseEy CAsoN 


RIDDLES AS A MENTAL TEST 


The occasional revival of interest in mental ‘posers’ in the form of crossword 
puzzles, jig-saw puzzles, charades, riddles, etc., suggests a perennial taste for these 
forms of amusement. Perennial is used advisedly, for such ‘posers’ have occupied 
men in their times of leisurely play since early historic times and perhaps before 
that. It is known that many of our riddles are old with folk significance, for re- 
corded history contains frequent references to them. Homer is said to have worried 
over the following: “What we caught we threw away, and what we could not 
catch we kept.” 

Some time ago, in a study of purposive thinking,’ the writer sought to examine 
the significance of man’s interest in the solution of riddles. He found, among other 
things, that the solution of riddles is characterized by the method of trial and error 
as objectively determined. The present study undertakes to ascertain whether a series 
of riddles can be arranged in the form of a mental test, and whether the test can 
be made reliable and valid. Some of the riddles used in the previous study are 
used in this one, others being added. The following is the series employed in the 
investigation here described. 


THE RIDDLE TEST 

Always runs and never walks. Has a tongue and never talks. What is it? 

If your aunt's sister is not your aunt, what kin is she to you? 

What goes up hill and down hill, and yet stands still ? 

What is bought by the yard and worn by the foot? 

What has neither flesh nor bone, yet has four fingers and one thumb? 

The more you take away from it the larger it gets. What is it? 

What is full of holes and yet will hold water? 

What is it that asks no questions, yet requires to be answered many times? 

The man who made it wanted to sell it. The man who bought it never used it. 
man who used it never saw it. What is it? 

Use me well and I’m everybody. Scratch my back and I’m nobody. What am I? 

Who may marry many a wife, and yet live single all his life? 

What is that which never uses its teeth for eating purposes? 

If you feed it, it grows. If you water it, it dies. What is it? 

What is that which if you name it you break it? 

What is that which is raised in every land? 

What can go in the face of the sun and leave no shadow? 

What contains more feet in winter than in summer? 

What we caught we threw away, and what we could not catch we kept. What 


is it? 


*T. R. Garth, The psychology of riddle solution: A study in purposive thinking, 
J. Educ. Psychol., 11, 1920, 16-33. 
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The test was given to college students in educational psychology classes, in the 
form of two booklets, each containing 9 riddles. One riddle was presented at a 
time. Three minutes were allowed for the solution of each riddle. It takes about 
60 min. to give the test. § was requested to write down his guesses for a riddle 
and to continue guessing until he was sure he had the correct answer, unless time 
were called before that. If he had heard the riddle before, he was to indicate this on 
the record. Because of the fact that many Ss had heard some of the riddles before, 


TABLE I 
Norm ror Rippie Test AND VARIOUS CorRELATIONS 
(143 Ss for Riddle Test; 111 for Correlations. Average no. correct riddles=9.44 +.24) 


Correlation between r P.E. 


Riddle Test and Intelligence Score 0.34 
Corrected for attenuation 0.54 
Riddle Test and Completion Test Score 0.23 
Corrected for attenuation 0.35 
Completion Test and Intelligence Score 0.46 
Corrected for attenuation 0.64 
Halves of Riddle Test 0.57 
Stepped up 0.94 


so that their records could not be used, the matter of getting a sufficient number 
of cases was rather difficult. In course of time, the investigator collected records for 
the riddle test from 143 persons. Most of these persons were also given the Trabue 
Completion Test and the Army Alpha Intelligence Test. Various intercorrelations 
were obtained for the different scores (see Table I). 

In undertaking to establish the reliability of the test, we used the method of 
split halves, the obtained reliability coefficient for the test being + 0.40, P.E. .04. 
It must be noted that this coefficient represents the correlation of the split halves, 
and that it would be + 0.57 if the test were administered twice, according to the 
Brown Formula. According to this formula the riddle test would have to be 10 
times as long to obtain a reliability coefficient of + 0.94. 

After being somewhat at a loss to find a method of validating the riddle test, 
we decided to find whether it correlates with ability in the Army Alpha Intelligence 
Test. This coefficient of correlation is + 0.34; corrected for attenuation, + 0.54, a 
significant correlation. Thus the evidence is good that the Riddle Test and the Intel- 
ligence Test to some extent, at least, measure the same thing.” 

The question arose as to whether the riddles can be regarded in the light of com- 
pletion tests. They can easily be presented in the form of sentences to be completed. 
Thus, for example, the riddle: “What is full of holes and yet will hold water?” 
If put in the form of a completion test, would be thus: “A -——————— is full 
of holes and yet will hold water.’’ The riddle: “What has neither flesh nor bone, 
yet has four fingers and one thumb?” expressed in the completion form would 
be: “A ————————— has neither flesh nor bone, yet has four fingers and one thumb.” 

But are riddles merely completion tests? To answer this question, 111 college 
students who took the Riddle Test were given a form of Trabue’s Language 


* L. L. Thurstone, The nature of general intelligence and ability. Brit. J. Psychol., 
14, 1924, 242-247. 
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Completion Test.? The correlation found was + 0.23, corrected for attenuation 
-+ 0.35. This is only slightly significant. Our completion test and intelligence test 
results had a correlation of + 0.46, corrected for attenuation +- 0.64. Thus while 
intelligence scores and completion scores are significantly correlated, the Riddle 
Test performance is more nearly related to the Army Alpha performance than to 
the Completion Test performance. We seem justified in saying that although the 
processes in solving a riddle and a completion test are similar, they are only slightly 
so. A riddle appears from our results to be something more than a completion test. 
University of Denver THomas R. GARTH 


THE New HAVEN MEETING OF THE SOCIETY OF EXPERIMENTAL PSYCHOLOGISTS 


The thirty-first annual meeting of experimental psychologists was held at Yale 
University on April 4-5, 1935, under the chairmanship of Professor W. R. Miles. 
The meetings this year were attended by 21 members from 14 laboratories—the 
largest attendance and widest representation since the reorganization of the Society 
in 1928. The Laboratories represented were: American University; Brown; Clark; 
Columbia; Cornell; Harvard; Missouri; New York Psychiat. Inst.; Peabody; Penn- 
sylvania; Princeton; Smith; Vassar; and Yale. 

The meetings were marked by a dinner given in honor of President James R. 
Angell of Yale University in commemoration of his pioneering work and long 
service in psychology; and by the announcement of the Howard C. Warren Medal 
for meritorious work in experimental psychology. This medal, established and en- 
dowed by Mrs. Catherine C. Warren in memory of her husband, it to be administered 
by the Society and, beginning next spring, to be awarded annually. 

Professor W. S. Hunter was elected Chairman of the Society for the coming 
year, and Professor S. W. Fernberger was reélected Secretary-Treasurer for a three- 
year term. The next meetings of the Society are to be held at Clark University, 
Worcester, Mass, on Thursday and Friday, April 9-10, 1936. 

K.M.D. 


Georg Elias Muller: 1850-1934 

Georg Elias Miiller died in Géttingen on December 23, 1934, at the age of 
eighty-four after a long life of distinguished service to experimental psychology. 
He was born in Grimma, in Saxony, not far from Leipzig, on July 20, 1850. He is 
thus six months younger than Ebbinghaus, two years younger than Stumpf. His 
father was a theologian, a professor of religion and German at the Fiirstenschule 
at Grimma until 1868, when he became the rector at another village near Leipzig. 
In 1873 he received the doctor's degree, upon Lotze’s recommendation, at Gottingen. 
In 1876 he was habilitated as Dozent at Gottingen. In 1880 he was appointed to 
the chair of philosophy at Czernowitz, but in 1881 Lotze, only a few months before 
his death as it turned out, was persuaded to go to Berlin, and Miiller was called to 
succeed him at Géttingen. It is now a famous chair to which Miiller went. Herbart 
occupied it in 1833-41; Lotze held it for thirty-seven years in 1844-81; and Miller 
has added further distinction to it for forty years, 1881-1921. 

The more obvious aspects of Miiller’s scientific career since 1881 are open to the 


*M. R. Trabue, Completion-test language scales, Col. Univ. Cont. Educ., no. 77, 
1916, 1-118. 
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world in his published writings. The formative period of his life has, however, 
always been a puzzle to those persons who have no personal acquaintance with him. 
For instance, one wonders, if Lotze was truly the master and Miiller the disciple, 
why then the two were so different. One knows that Stumpf was also a pupil of 
Lotze’s, but Stumpf owed more to Brentano than to Lotze, and Stumpf’s last year 
as Dozent at Géttingen was Miiller’s first, so that there was little contact between 
them. The whole secret of these early years of Miiller’s is, however, shown in the 
following paragraphs taken from two letters of Miiller’s written in April and 
December, 1928.” 


“I am glad to furnish you with the following information about the course of my 
intellectual development before 1876. At the Farstenschule in Grimma I received an 
almost exclusively humanistic education. In it mathematics and natural science played 
a very small part. At the age of fifteen or sixteen my interest in philosophical ques- 
tions was awakened by Goethe’s Faust, the poems of Byron and Shelley, Young's 
Night Thoughts, etc—at first in quite a mystical direction. I was freed of this 
tendency by Lessing, whose essay on the fable had interested me highly and whose 
writings I had studied very eagerly with the express purpose of gaining practice in 
logical thinking. Thus it came about that, upon leaving the Gymnasium (after the 
Fiirstenschule 1 attended the Nicolaigymnasium in Leipzig for a half-year because my 
father had left Grimma), I was already determined to accept in philosophy only what 
was proved to me by strict logic. 

“In October, 1868, I entered the University of Leipzig to study philosophy and 
history. The latter was to have been my bread-and-butter study, to help me sometime 
to get an appointment to a Gymnasium or something of the sort. In Leipzig, where 
I studied a year, I was introduced to the philosophy of Herbart by Professor Dro- 
bisch, who was distinguished for his clarity. In October, 1869, I went to the Univer- 
sity of Berlin to educate myself in the history of art with the aid of the existing 
museums, to hear the great historians, Ranke, Mommsen, Droysen, Ernst Curtius and 
others, and to acquaint myself with the Aristotelian philosophy through Trendelen- 
berg and Bonitz. This last introduction came up to my expectations in every respect. 

“Although history was a favorite subject of mine, I felt from the time of my first 
semester as a student, in which I had become acquainted with the writings of Lotze, 
that, in order really to progress in philosophy, which was my chief and best loved 
field, I should have to combine with the study of philosophy, not the study of history, 
but the study of natural science and mathematics. However, my historical knowledge 
was too great; I could not decide wholly to surrender this mental capital, so im- 
portant for my progress in life. The conflict between these two projects, to keep on 
with history or to go over to natural science, troubled me greatly at the time—indeed 
far into my nights. Then in 1870-71 the War brought a solution. As soon as it broke 
out, I joined a Berlin regiment as a volunteer; and when, at the end of my year of 
military service—the finest year of my life as I recall that glorious time,—I tested 
my historical knowledge, I found that this same mental capital had shrunk badly and 
no longer deserved consideration. 

“With quick determination I now turned myself energetically toward natural 
science, and buried myself in Helmholtz’s Physiologische Optik and the like. My 
doctoral dissertation, Uber die sinnliche Aufmerksamkeit, grew out of these scien- 
tific studies. During the winter semester of 1871-72 I studied once more at Leipzig, 


* The letters were addressed to the present writer in answer to questions about 
this early period. In 1931 there was an abortive plan to publish these letters in their 
present translation, together with a biographical note which is identical with the 
present paragraphs except where events since 1928 have been added. Both the note 
and the translated letters were sent to Miiller and, with a few changes, approved by 
him for publication. It thus falls out that Miiller wrote part of his own necrology 
and edited nearly all of the rest. Dr. D. W. Chapman translated the letters. Dr. W. D. 
Turner supplied some of the information in the note. 
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but at Easter in 1872 I removed to Géttingen, where I remained a year and grew 
more intimately acquainted with Lotze. I was graduated under him in March, 1873. 

“After my graduation I was a private tutor in R6tha near Leipzig, and then in 
Berlin. Then a severe illness compelled me to return to my parents’ home, where 1 
gradually recovered and worked out my paper Zur Grundlegung der Psychophysik, 
which I submitted in the summer of 1876 to the faculty of philosophy at Gottingen 
as a Habilitationsschrift; and in August, 1876, I received my venia legendi. 

“Perhaps it will interest you to learn how simply and clearly mapped out was 
the way, in the ‘seventies, for a university student who intended to specialize in 
psychology as a Dozent. He had to be versed in the Herbartian psychology, in the 
writings of Lotze and Fechner, and in Helmholtz’s works on physiological accoustics 
and optics, and he must also have some knowledge of British associational psychology 
—of Alexander Bain, for instance, He had, of course, read Wundt’s Vorlesungen iiber 
die Menschen- und Tierseele, considered a popular book, but nevertheless instructive. 
After 1877 an acquaintance with Kussmaul’s Pook on the disturbances of speech was 
assumed ; and from about this time on, Hering’s works gained interest. H. Steinthal’s 
Einleitung in die Psychologie der Sprachwissenschaft was considered to be a leadin 
psychological work through which one could not labor without difficulty, a boo 
that shows the Herbartian tendency. 

“Lotze had a great influence on me to the extent that his writings were for me— 
as, earlier, Lessing's had been—a study in critical thinking, and that they aroused in 
me the conviction that a thorough grounding in the natural sciences is requisite 
for a fruitful pursuit of philosophy. In accordance with my critical frame of mind I 
shared Lotze’s philosophical views only to a limited extent. He is the one, though, 
who kept me in a scientific career and helped my progress. I can think of him only 
with the deepest gratitude. 

“In those years I was also intimate with Fechner, whose lectures I had already 
heard as a student. For a while we carried on an extensive scientific correspondence, 
even though it had a rather belligerent character. 

“About my professorial work I add the following. My lectures embraced logic, 
epistemology, natural philosophy, and psychology. As for the history of philosophy, 
I have given lectures on it only once—in Czernowitz; and they were lectures on the 
history of the Greek philosophers. Outside of that I treated occasionally of Locke or 
Berkeley or Hume in lectures or societies during the first two decades of my teach- 
ing at Gottingen. 

“At first my interest was devoted to natural philosophy as well as to psychology. 
Up to the appearance of Ostwald in natural philosophy, I was probably the only 
philosopher in Germany to lecture on the subject. However, when the period ar- 
rived in which the physicists changed their views almost every year, I gave up my 
four-hour-a-week lectures on natural philosophy and treated only the epistemological 
and introductory part of them in a two-hour-a-week lecture called ‘Selfconsciousness 
and knowing.’ 

“As for psychology, I was of the opinion that a student could get a true mastery 
of psychology only if there was given him besides the lectures in general psychology 
a series of special lectures and recitation courses, in which he might be made more 
familiar with psychological thinking and experiment. The special lectures which I 
gave from two to four hours a week touched on the following subjects: (1) psy- 
chophysical method, (2) psychophysics of color-sensations, (3) memory, (4) the 
phenomena of volition, (5) the reaction experiments, the time-sense, etc. In the last 
instance emphasis was placed on the introduction to experimentation and the practical 
exercises which went with the lectures.” 

We all know that Miiller’s Grundlegung der Psychophysik of 1878 elicited Fech- 
net's Revision der Hauptpunkte der Psychophysik in 1882 and that Fechner died 
five years later. Psychophysics was obviously a field where the strict and rigorous 
thinking, for which Lessing and Lotze had saved Miiller, might be used, and Miiller 
continued psychophysical work during the first half of his life as professor at Gét- 
tingen. He had published on the method of right and wrong cases in 1879. His 
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famous paper with Schumann on the lifted weights appeared in 1889. Zur Analyse 
der Unterschiedsempfindlichkeit, with Lillien J. Martin, was published in 1899. 
Die Gesichtspunkte und die Tatsachen der psychophysischen Methodik was first 
printed in 1903. Every one of these monographs is a classic in psychophysics. 

It was in 1885 that Ebbinghaus brought the problems of memory within the 
range of the experimental method. It would seem that Miiller must have thought 
that here was a chance to extend a rigorous methodology to the higher processes. 
At any rate Ebbinghaus had more originality than persistence, and Miiller took over 
from him the field of the experimental psychology of memory. There followed in 
1893 the classical paper on the method of complete mastery with Schumann, and 
in 1900 the classical paper on the method of right associates and times with Pilzecker. 
Much later there came entirely from his own hand the three encyclopedic volumes 
of Zur Analyse der Gedachtnistatigkeit und des Vorstellungslaufes, 1911-17. Ebbing- 
haus was careless of systematic matters; Miller brought mnemonic experimentation 
into the introspective school, and dealt, in characteristically thorough manner, as 
much with the memorial consciousness as with performance in reproduction. 

Miiller’s third interest was the psychology of vision. That work began with his 
papers in the Zeitschrift fiir Psychologie in 1896-97, where among other things he 
presented the hypothesis of cortical gray as a solution of the paradox of color- 
mixture that is inherent in Hering’s theory. Miiller published occasionally in this 
field during the next third of a century, and then finally, ten years after his retire- 
ment, published, in 1930, a 648-page monograph: Ueber die Farbenempfindungen: 
psychophysische Untersuchungen, reviewing and evaluating much of the literature 
that had been accumulating in this very active field. Even at the very end, in 1934, 
he contributed two discussions of visual phenomena to Psychologische Forschung, 
and an article on eidetic imagery has appeared posthumously in the Zeitschrift in 
1935. 

Miiller had, since 1888, the foremost psychological laboratory in Prussia. Al- 
though he was always most modest about it, as early as 1892 a visitor described 
it as “in many respects the best for research work in all Germany.” In the Géttingen 
laboratory he has had many famous pupils and assistants. Schumann was his assistant 
in 1888-94, before he went to Stumpf at Berlin. Kiilpe was with Miiller for a 
couple of years about 1884, after he had been at Leipzig and Berlin. He began his 
dissertation at Berlin, and, when later he published it at Leipzig, his acknowledy- 
ments were to Miiller and not to Wundt. Jost published the first research on the 
method of right associates (and ‘Jost’s law’) from Miiller’s laboratory in 1897. 
Lillien J. Martin was there in 1894-98. Henri published from the laboratory his 
well known monograph on tactual space perception in 1898. Pilzecker, who pub- 
lished with Miiller in 1900, must have been there in the ‘nineties.’ Schumann was 
only an informal assistant. Miller had no assistant on official appointment until 
Ach became assistant in 1900. Rupp succeeded Ach in the post for three years begin- 
ning in 1901, and then, as Schumann had done before him, went to Stumpf. Then 
Katz was appointed in 1907 and held the post until 1918. Everyone knows Katz’ 
researches on perception of color and of space which came out of the Géttingen 
laboratory. Eleanor Gamble spent the year 1906-07 with Miiller, and her mono- 
graph on the method of reconstruction shows the influence of this period. E. R. 
Jaensch was with Miiller in 1908-10 and his first monograph in visual space per- 
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ception is thus from Gottingen. Rubin was there about 1912 and his work resulted 
in the well known study of figure, ground and contour in visual perception. The 
list of distinguished students is probably much longer, but there is no authoritative 
record, and these facts are come at only in chance reading. 

After Wundt’s death and the rise of Gestaltpsychologie, Miller came to be looked 
upon as the guardian of the older introspective tradition. That he did not shirk this 
responsibility was shown by his polemic in 1923 against Gestalttheorie: Komplex- 
theorie und Gestalttheorie, ein Beitrag zur Wahrnehmungs psychologie. 

Miiller’s passing marks almost the close of a period. Only Stumpf is left of that 
generation. Fechner and Helmholtz, Wundt and Brentano, Mach and Ebbinghaus, 
all are gone. Kiilpe, Miiller’s student, rose to fame and influence, and passed out 
of the picture two decades ago. Those men were pioneers in a very important under- 
taking, the bringing of the impalpable mind into the experimental laboratory. That 
the movement succeeded was due, in part, to the fact that it was led by men of the 
tenacity of purpose and rigor of thought that were Miiller’s. Psychology definitely 
bears the mark of his will upon it. 

Harvard University EpwIn G. BorinG 


BOOK REVIEWS 
Edited by JosEPH PETERSON, Peabody College 


A Handbook of General Experimental Psychology. By W. J. Crozier, H. Hoac- 
LAND, and others. Edited by C. Murchison. Worcester, Mass., Clark Univ. Press, 
1934, Pp. xii, 1125. 

According to the editor this is the second step in the revision of The Foundations 
of Experimental Psychology (1929), the first portion of the revised enterprise being A 
Handbook of Child Psychology (1931, 1933), and the final step the forthcoming 
A Handbook of Social Psychology. It is obviously impossible in a limited space to re- 
view critically the contents of twenty chapters of condensed discussion by as many 
experts in their fields, even if the reviewer felt himself competent to judge of material 
as diverse and as specialized as that represented in this book. The review will be con- 
fined to observations regarding the project as a whole, and to a few comments on 
the individual chapters. 

The conception of ‘general experimental psychology’ may be inferred from the 
material included. The first 15 chapters of the Foundations have been retained or 
replaced, and the last eight chapters covering child, educational, social, cultural, 
abnormal psychology, and statistics, have been omitted in line with the 3-volume 
plan already mentioned. Five chapters have been added: maturation as a factor in 
learning (Calvin P. Stone), the conditioned reflex (Clark L. Hull), work of the 
integrated organism (Edward S. Robinson), some neural correlations in vision (C. H. 
Graham), and a chapter on the physiological phenomena of audition (Hallowell 
Davis). The other new authors who appear in rewritten or replaced chapters are 
Hudson Hoagland, joining with W. J. Crozier for the chapter entitled “The Study 
of Living Organisms,” and J. G. Dusser de Barenne on ‘The Labyrinthine and 
Postural Mechanisms.” It is evident from the choice of topics and from the fact 
that half the authors are professionally physiologists, that ‘general experimental 
psychology’ means primarily physiological psychology. It is called general because in 
common with general physiology its concern is with broad principles of receptive 
and adjustive processes (the book’s two major divisions) irrespective of the par- 
ticular organism or the demands of any particular concrete situation. While general 
physiology has been so long experimental that the word experimental is not needed, 
psychologists still tend to make a distinction between theory that is grounded in 
experiments and theory that is the result of gross observations. 

The physiological bias is determined in part by what the editor in his preface 
calls the vertical divisions of the volume. As long as senses are treated in separate 
chapters on vision, audition, and the like, some of the significant interrelations be- 
tween the senses (synaesthesia, space perception, phenomenal constancies, genesis 
of perception) find no natural places for thorough treatment. As the editor indicates, 
the vertical division has excluded separate treatment of ‘higher mental processes.’ 
It is possibly implied that the treatment of such processes is therefore distributed 
throughout the book. To a limited extent this is true; in actual fact there is no place 
for adequate treatment of imagination, thought, and reasoning. Many of these prob- 
lems belong historically to ‘general experimental psychology.’ 
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Because of the weighting on the side of physiology, the book may serve to tell 
psychologists what physiologists are doing; physiologists will likewise find it useful 
to tell them what psychologists are doing in fields closely related to their own. The 
book brings to a focus again the fact that professional lines are not sharply drawn; 
some of the most physiological chapters in the book are written by trained psycholo- 
gists holding appointments in psychology, yet well qualified by their researches to 
deal with neurophysiological problems. On the other hand, some of the physiologists 
are thoroughly at home in fields which might, by definition, be called psychological. 
The selection of topics and authors for a volume of this kind is bound to give rise 
to debate about inclusions and omissions, but no one can deny the great service 
which the book will render to professional psychologists who find it increasingly 
difficult to keep abreast of fields which change as rapidly as these fields have changed 
in the five years between the two editions of the book. 

In the comments on the successive chapters which follow, brief mention will be 
made of earlier chapters repeated in the revision, but chief attention will be given 
to those newly added. 5 

Hudson Hoagland has joined with W. J. Crozier in expanding to 108 pages the 
chapter dealing with the study of living organisms. The logic of rational formula- 
tion vs. empirical description, utilized in the attempt to reduce behavior to physics 
by way of tropisms, is linked rather better than before to psychological problems, by 
way of treatments of the time-sense, learning, and the Weber-Fechner law. The ful- 
fillment of the promise of the method and logic rests on more extensions of the kind 
the authors have attempted. 

T. H. Morgan’s authoritative chapter on heredity is revised only through the 
addition of several new references. It is disappointing to find what limited treatment 
is given to the newer work on the modification of the germ-cells by environmental 
agencies. 

The chapter on the mechanism of reaction by Alexander Forbes is modified by the 
author’s rejection of the Wedensky type of inhibition in favor of a chemical theory 
which incorporates and extends the theory of the Oxford school in order to account 
for supraliminal amounts of Sherrington’s ‘c.e.s.’ (central excitatory state). 

The former treatment of space and the non-auditory labyrinth is replaced by a 
new chapter on labyrinthine and postural mechanisms written by J. G. Dusser de 
Barenne. This carefully documented discussion of history, methods, and results, will 
be found useful to research workers, and to any who wish a more intimate knowledge 
of the field. The section on posture is of especial interest because it makes accessible 
in convenient form the important work of Magnus and de Kleijn and others on the 
complications of animal posture. Here we come nearer to the problems of integration 
than in most discussions of reflexes; Dr. Dusser de Barenne warns, however, against 
analogies and premature generalizations. 

W. B. Cannon’s consideration of hunger and thirst follows the outline of the 
earlier edition, but is replete with recent references. This chapter, in the half of the 
book devoted to adjustive processes, is apparently the surrogate for a chapter on 
“motivation” or “appetite.” 

Philip Bard's treatment of the neurohumoral basis of emotion brings in the new 
material regarding excitatory and inhibitory sympathin, enlarges upon sham rage, 
and summarizes Cannon's replies to critics of his theory that emotions arise out of 
the interaction between the cortex and the diencephalon. 
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Carney Landis’ chapter on expressions of emotion follows the rubrics of the 
earlier edition. The section dealing with the interpretation of facial expression is 
somewhat enlarged. He looks to Gestalttheorie for significant advances in our know]- 
edge. 

Calvin P. Stone’s new chapter on maturation is an informative systematization 
of embryological development, and the hereditary, hormonal, nutritional and other 
factors regulating post-natal growth. The relationship to learning is summarized as 
follows: “At all times, the products of maturative development determine where in 
the body, and at what rates, organization and reorganization by the process of learning 
may take place.” 

The conditioned reflex is given a thoroughly factual treatment at the hands of 
Clark L. Hull. There are 31 figures, most of which are reproductions of apparatus or 
records secured in numerous experiments, from many different laboratories. The re- 
maining figures are charts of significant functional relationships: the effect of time 
interval between stimuli, the course of acquisition, extinction, recovery and the like. 
Only briefly, at the end, does Hull introduce the kind of formulation of the rela- 
tionship of conditioning to higher adaptive processes with which he is becoming 
identified. The conditioned reflex has been much abused both by enthusiasts who favor 
it, and by its critics. The empirical evidence which Hull has assembled and made 
available to everyone in this chapter should do much to temper discussion in con- 
formity with revealed relationships. 

The consideration of nervous mechanisms in learning by K. S. Lashley is very 
little modified from the earlier Foundations. 

W. S. Hunter brings his chapter on experimental studies of learning up-to-date, 
following the old outline except at the end, where a new section on backward as- 
sociation appears, and the section on the laws of learning becomes one on the condi- 
tions essential to learning. “Learning in its basic character thus depends upon the 
fulfillment of certain temporal conditions in stimulus relationships and upon the 
presence of unconditioned or well-established conditioned responses with their 
gradients.” 

Edward S. Robinson contributes a welcome new chapter on the work of the 
integrated organism. This is concerned chiefly with the work decrement, the relevant 
experiments being systematized about the seven principles which Dr. Robinson ad- 
vanced in 1926 (Psychol. Rev., 33, 1926, 123 ff.). The discussion includes: warming 
up, general exhaustion, other fundamental factors in efficiency (including reaction- 
time), facilitation and distraction, and effort. Robinson has deliberately omitted the 
study of certain factors influencing efficiency such as diet, ventilation, illumination, 
and drugs, which, he says, are studied for purposes that go beyond the better under- 
standing of the work itself. He has also omitted discussion of muscle chemistry, and 
the physiology of muscular contraction. This chapter illustrates the difference between 
a treatment of fatigue which might have been written by a physiologist, and a chapter 
on work written from the point of view of an experimental psychologist. While a 
physiological chapter on muscular work might be a useful addition to this volume, 
it could not supplant the type of treatment Robinson has given. 

L. T. Troland completed the revision of his chapter on visual phenomena shortly 
before his death. There are many additions to the bibliography. 

The important chapter by Selig Hecht on the nature of the photo-receptor process 
is more than doubled in length. The 18 mathematical formulations have been increased 
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to 56; the figures from 23 to 47. One of the empirical agreements with a logical 
deduction which has been much quoted has been modified in the light of histological 
evidence, not, to be sure, to the detriment of the theory. I refer to the deduction that 
in view of the 542 steps of intensity discrimination by the cones, there should be at 
least that many cones in a unit retinal area, as determined by the smallest area 
mediating all the visual acuities. In the earlier edition it was reported that such an 
area actually contains 540 cones, agreeing almost exactly with the number of intensity 
gradations. Recently Creed and Ruch (J. PAysiol., 74, 1932, 407 ff.) have estimated 
the critical area (.04 sq. mm.) to contain 5000 cones instead of 540. Hecht’s theory 
is more plausible now than before, for there are more than enough cones to represent 
the various thresholds which the theory requires. 

C. H. Graham contributes an important new chapter on recent findings with respect 
to the physiology of retinal interaction and central processes in vision. Action-potential 
studies from single retinal elements suggest that the eye behaves similarly to other 
sensory endings. The synapses in the retina show processes of summation and inhibi- 
tion which make them strictly comparable to synapses in reflexes. The visual response 
is not a direct representation of the excitation in the end-organ or afferent pathway. 
Graham has ably summarized our knowledge of the processes occurring in the 
endorgan, and such leads as there are regarding the higher integrative processes. 

In the three chapters on vision (covering some 225 pages) the physical and 
physiological emphases are so prominent that some of the problems of visual per- 
ception which interest psychologists have not been treated. Troland’s chapter discusses 
briefly the problems of illusions, space, motion, but anything like an adequate dis- 
cussion of color and brightness constancy, phenomenal size (the “‘alley experiments’’), 
phenomenal velocity, and form perception, is missing. It would be of interest to have 
a fourth chapter on visual perception, expanding upon the types of experiment which 
Gestalt psychologists have brought into prominence, but by no means limited to 
contributions from workers within any one school of thought. 

H. Banister’s treatment of auditory phenomena and their stimulus correlations 
follows the original outline. The figures have been improved in redrawing. The 
measurement of loudness is added; the section on fatigue and noise is enlarged. 

H. Hartridge has revised alone the chapter on theories of hearing with which 
Dr. Banister was associated in the earlier edition. One can scarcely realize that all 
the experimentation initiated by Wever and Bray has happened since the first edition. 
Their volley theory takes its place among the theories of hearing, although it is 
dismissed in favor of the conventional resonance theory. 

Hallowell Davis summarizes the experimentation which has clarified the results of 
Wever and Bray and others who have followed their lead. The chapter is a model 
of good exposition and restraint in the interpretation of recent results which have 
not yet been subjected “to the test of criticism and confirmation.” Evidence continues 
to favor a place theory of pitch (i.e. a resonance theory), although the correspondence 
between the frequency of impulses within the auditory nerve and the frequency of 
the stimulating tone in the range below 1000 d.v., makes a compromise theory possible 
for low tones, and may be important for binaural localization. 

W. J. Crozier has rewritten the chapter on chemoreception previously prepared in 
collaboration with G. H. Parker. There are added materials on the chemistry of odors 
and tastes. The recent discovery of taste-blindness for substances like phenyl-thio- 
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carbamide as an hereditary characteristic, demonstrates the significance in the reaction 
of the chemical structure of the surface of the receptive element. 

The final chapter by J. P. Nafe on pressure, pain, and temperature, is much more 
than a rewriting of his former chapter on the sense of feeling. There is considerable 
anatomy and physiology in this chapter, which was lacking in the old. The view is 
advanced that the blood vessels are the organs for warmth and cold. The quantitative 
theory of feeling is discussed, but is subordinated in amount of space to the factual 
treatment of data from various sources. 

Whatever may be one’s attitude with regard to possible additions to the list of 
chapters, one must be grateful to the editor and publisher for the thorough and 
authoritative summaries which have been gathered together in this volume. 

Stanford University ERNEST R. HiLGARD 


Motion Pictures and the Social Attitudes of Children. By RutTH C. PETERSON 
and L. L. THURSTONE. 

The Social Conduct and Attitudes of Movie Fans. By FRANK K. SHUTTLEWORTH 
and Mark A, May. New York, Macmillan Co., 1933. Pp. xvii, 75; v, 142. 

The first part of the book deals with “the effect of motion pictures on the social 
attitudes of high school children.’ Preliminary studies utilized a paired comparison 
test, which consisted in having the subject underline the one nationality or race in 
each pair, such as “‘Englishman—South American,” with which he preferred to asso- 
ciate. The 23 nationalities used required 237 comparisons. Four motion pictures were 
shown the week following the giving of the test. The paired comparison test was then 
given again the following week. The scale value for each nationality was computed 
by obtaining the proportion of children who preferred the nationality in each pair. 
Shifts in attitude toward nationalities were in the expected direction but were not 
significant. A similar procedure was followed in determining the effects of a lecture. 
Slight changes in attitudes were found. 

Following these preliminary studies, a series of studies in small towns was begun. 
The first study used 133 children of grades seven to twelve inclusive. Three tests or 
schedules were first given this group: (1) a scale of attitude toward Germans; (2) a 
paired comparison of nationalities, and (3) a scale of attitude toward war. Over a 
week after the giving of these tests the picture ‘Four Sons’ was shown at a special 
matinee performance. The next morning the above three tests were again given to 
the group. Each individual’s score was the median scale value of all the statements 
he indorsed. The mean attitude of the group before seeing the film was found to be 
5.66; after, it was 5.28. The difference of 0.38 was reliable statistically and favorable 
to the Germans. In the paired comparison test, the method employed in the prelim- 
inary studies was used. This method also showed a favorable change toward the 
Germans. In measuring attitude toward war, a scale consisting of 44 statements of 
different degrees of approval and non-approval was used. A child’s score was the 
median scale-value of all statements he indorsed. The mean score of the group before 
the picture was shown was 5.19; after, it was 5.10, a slight change, but in the 
expected direction. It is concluded that the film ‘Four Sons” made the children more 
favorable toward the Germans and less favorable to war. 

The next study reported attempted to ascertain the effect of a motion picture upon 
attitude toward gambling. The film “Street of Chance” was shown. There were 240 
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children, grades nine to twelve inclusive, in the experimental group. Attitude toward 
crime was measured by asking the children to underline the one crime of each pair 
which he thought should be punished most severely. The scale consisted of 78 pairs, 


such as “‘speeder—pickpocket,” ‘“bank-robber—gambler.”’ Thirteen crimes were repre- 
sented in the scale. A change of mean scale value from about 1.5 before showing 
the film to 0.9 afterwards, less favorable to gambling, was recorded. 

Another experiment using a group consisting of 254 children, same grades, to 
determine the effect of a film on prohibition was tried. The film ‘Hide Out’’ was 
shown. An attitude scale applied before and after the showing of the film showed 
mean scale values of 6.96 before, and 6.97 after the film was shown. 

In a similar manner the films “Sons of the Gods” and “Welcome Danger” were 
used to determine their effects upon the attitude toward the Chinese. The mean scale 
value before the first film was 6.72 and after, 5.50, a reliable shift in favor of the 
Chinese. There was no reliable difference obtained with respect to danger. The films, 
“The Valiant” and “Journey's End,” effected no reliable change toward capital pun- 
ishment or war; but ‘All Quiet on the Western Front” changed reliably the attitude 
of 214 high school students against war from 4.33 before showing to 3.65 after. 
The “Criminal Code,” given to grade and college students, changed reliably the 
attitude of both groups against punishing criminals, while “Alibi” was given to 
children in grades seven through twelve inclusive and changed in attitude toward 
punishing criminals, but not reliably. The film ‘Birth of a Nation” produced reliable 
changes of attitude in 434 children, grades six to twelve inclusive, unfavorable to 
Negroes. 

A series of experiments on the cumulative effect of motion pictures is also reported. 
The procedure was similar to that above. On 750 pupils reliable and clear cumulative 
changes in attitudes against war were obtained with “All Quiet on the Western Front”’ 
and “Journey's End,” both singly and combined. Cumulative effects of films on the 
attitude toward the punishment of criminals were not as definite in the results. The 
persistence of the changes produced was determined by giving the attitude tests after 
the lapse of considerable time. It was found that the change favorable toward the 
Germans as well as toward the Chinese was greater 6 mo. later by a reliable difference 
than it was immediately after the showing of the film. The attitude toward punishment 
of criminals became more positive 21/, mo. later; but, strangely, an attitude more 
favorable toward war developed in a 9-mo. period. Likewise the attitude toward 
the Negro was less favorable 5 mo. later. Unfortunately no control experiments to 
attempt an evaluation of non-experimental factors in changes of attitude over so 
long periods were attempted. 

The second part of the book, by Shuttleworth and May, attempts to measure ‘‘the 
influence of the child's total motion picture experience on a wide variety of conducts 
and a wide range of attitudes.” The problem was to select children who attended 
movies frequently and infrequently. All told, about 1400 children were studied 
intensely in grades five to nine. The movie and non-movie groups of children were 
contrasted on forms of conduct and attitudes investigated in the Character Education 
Inquiry, and attitude tests and questionnaires designed especially for the study. The 
attitude tests were designed to measure attitudes toward heroes and “boobs,” peoples 
of other lands, prohibition, criminals, sex, school, clothes, militarism, parents, escape 
from danger, and to measure other special likes and dislikes of children. In all, differ- 
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ences were computed on 2000 different items. The ‘movie’ group attended movies 
three or four times a week; the ‘non-movie,’ once or twice a month. The two groups 
were alike as to age, school grade, intelligence, occupational level of father, cultural 
home background, and community. 

The significant differences found between ‘movie’ and ‘non-movie’ groups showed 
higher averages in deportment, scholastic marks, teacher ratings of character traits, 
pupil ratings in “Guess Who,” reputation for codperation, reputation for self- 
control, total reputation, codperation (total conduct score), efficiency codperation, 
envelopes codperation, self-control, and school honesty by the ‘non-movie’ groups; 
and in being named more often on “Guess Who,” and more often as best friends 
by the ‘movie’ groups. 

The authors face very frankly, and are fully cognizant of, the many pitfalls that 
are inherent in their method of attack. The weakest links in the chain of evidence 
are the methods used in measuring attitude, reputation, and conduct traits. As the 
authors admit, the reliability of these is open to question. Until their reliability has 
been adequately determined, that of the resulting data cannot be ascertained. Then too, 
if it should turn out that the movie acts merely as a selective or grouping agent, another 
method of attack would need to be made. As the authors suggest, perhaps a study of 
a community having no movies would be enlightening. After the preliminary study 
of such a community, movies could be introduced and the effects noted. But before 
this study is made, more reliable methods of measuring character traits should be 
devised. Perhaps expert case-history techniques would be more reliable than the 
methods used in this study; or, at least, they might be used to furnish supplementary 
data. 

Birmingham-Southern College J. E. BATHURST 


The Emotional Responses of Children to the Motion Picture Situation. By W. S. 
DysINGER and C, A. RUCKMICK. 

Motion Pictures and Standards of Morality. By CHARLES C. PeTErs. New York, 
Macmillan Co., 1933. Pp. vii, 122; v, 285. 

The first monograph in this volume describes an experimental study of emotions. 
It has a short introduction, in which the authors discuss briefly the limitations of the 
expressive and impressive methods of studying the emotions, and their applicability 
in the study of emotional responses to moving pictures. Then, after an historical 
résumé of the psycho-galvanic reflex as an expressive method of investigating emo- 
tional reactions, they proceed to a description of the study and its results. The pulse 
of the subjects studied was recorded on the psychogalvanograph film by means of an 
electric pneumo-cardiograph. Verbal reports were obtained from every S, for a com- 
parison of the galvanometric results with emotional and perceptual experiences. 
The Ss ranged from 61/4, to 50 yr. in age, and for purposes of comparison were 
divided into 9-, 12-, 16-yr. old, and adult groups. 

The main experiment was carried on in the laboratory with 89 Ss. For this experi- 
ment two pictures were used, a slap-stick comedy which had many ‘“danger’’ scenes 
and another film which contained both danger and love scenes, and supplementary 
records taken in the theatre on 61 additional observers, a number of different pictures 
serving as stimuli. 

The individual galvanometric records were made comparable to each other by 
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converting each deflection into its percentage of the resistance of the body. Detailed 
descriptions of the films, indicating the points which were marked for comparisons, 
are accompanied by tables showing the deflections which occurred at these points. 
Fairly consistent results in both the laboratory and the theatre show that the younger 
children react more intensively than the older. The 9-yr. old group is more responsive 
to danger scenes; the 16-yr. group, to love and sex scenes. The adults respond much 
less than either of the groups of children. There are, however, at all ages, great 
individual differences in tendency to emotional response. Verbal reports indicate that 
the comparatively small deflections of adults are due to what is called the “adult 
discount.” The children, on the other hand, tend to accept uncritically the scenes 
portrayed, and to see them as individual scenes rather than as parts of a whole con- 
nected story with moral implications. There are often, especially among the younger 
children, errors of perception and misinterpretation of scenes. The only sex differences 
observed were that the boys responded more to danger scenes than did the girls. 

This is a careful detailed study, important both as a contribution to psychological 
method and as a reliable source of up-to-date knowledge concerning thé emotional 
responses of children to motion pictures. 

In the second study published in this volume, Motion Pictures and Standards of 
Morality, Peters begins by pointing out the dependence of the mores on the attitudes 
of the members of the community or group concerned. In order, then, to determine 
objectively these attitudes, he constructs a scale by having a large number of people 
express their approval or disapproval of about 80 different specific bits of behavior, 
culled from motion picture scenes. These behaviors were chosen as representative of 
four different elements in the mores: (1) aggressiveness of a girl in love-making; - 
(2) kissing and caressing; (3) the treatment of children by parents; and (4) dem- 
ocratic attitudes and practices (social). Items were selected to represent a wide range 
on a scale, with great approval at one end and extreme disapproval at the other. 

The original scaling was made on groups of students, faculty members, socially 
élite young women, and young factory workers, numbering in all 187. The raters 
indicated strong or moderate approval, disapproval, or neutral attitude for each item 
of behavior. On the basis of these responses sigma values were given to each item, 
and within groups of similar types of situations the items were arranged in order 
of their approval value. 

This scale was then applied to additional groups representing differing social, 
economic, and cultural backgrounds; so that, in all, ratings were made by 13 different 
groups. Part of the raters, in addition to indicating approval or disapproval, were 
asked to say whether their associates would or would not do the same under similar 
circumstances. There were large individual differences within all groups, both in 
disapproval and in practice, of the behaviors rated on the four scales. There were also 
differences in the averages of the various groups for approval of aggressiveness of 
a girl in love-making, and of kissing. 

Using this objective scale of the mores, 184 motion pictures were rated by commit- 
tees of three or of five judges. The pictures were found to be far below the mores in 
portraying aggressiveness of a girl in love-making, more so as expressed by disapproval 
than by practice. Conduct in the motion pictures in respect to kissing is the same as 
that approved in daily life: in respect to democratic attitudes and attitudes of parents 
toward children, the pictures are above the mores of the groups rated. 
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Surveys of the adjectives and the pictures used in advertising motion pictures show 
that: “The appeal is grandiose, erotic and suggestive of passion or of sin.’’ However, 
when ratings of “goodness” or preference of a number of pictures (made by college 
and high school students, parents, and members of the screen committees) are corre- 
lated with scores on the four mores scales for the same films, the correlations show 
a preference for pictures with a high approval score, and dislike for those with low 
approval scores. 

In a final chapter the author shows how moral profiles, or score cards, of a film 
may be constructed for use in the motion picture industry; and how the profiles may 
be expanded by constructing, in a similar manner, rating scales for additional subjects 
of moral significance. 

Three appendices give the complete mores scale, detailed tables of the findings for 
the different groups studied, and statistical procedures used in the study. 

Peters presents a rating scale which should be valuable in additional researches, 
as well as in the present one; while his explanations of procedure are made in suffi- 
ciently elementary form to make the study comprehensible to the layman who is not 
familiar with statistical methods and the technics of scale construction. 

University of California Nancy BAYLEY 


Movies and Conduct. By HERBERT BLUMER. 

Movies, Delinquency, and Crime. By HERBERT BLUMER and PHitip M. HAUSER. 
New York, Macmillan Co., 1933. Pp. xiv, 257; xiii, 233. 

These are two of the twelve volumes of the Paine Fund Studies of motion pictures 
and youth. The first seeks to answer the question, ‘Do motion pictures directly or 
indirectly affect the conduct of children?” The second, ‘‘Are they related to delin- 
quency and crime?” 

Motion picture autobiographies were secured from high school, junior high school, 
and college students, and from inmates of prisons, reformatories and training schools 
for delinquents of both sexes. In addition, extensive questionnaires were given to 
youths, delinquents, and prison heads, asking for facts and opinions regarding effects 
of motion pictures. As far as possible in the means used and in the conclusions 
drawn, facts are stressed rather than judgments and opinions. In getting data, 
anonymity was assured, a spirit of codperation evoked, and concrete instances elicited, 
so that the data secured is probably as definite and reliable as such methods make 
possible. Reasonable caution in constructing and interpreting tables is used, and 
numerous autobiographies and answers are quoted in whole or in part. 

The evidence that motion pictures are powerful arousers of emotions, that they 
give a partly true and partly false idea of the world, and that they influence the 
attitudes and conduct of youths, is overwhelming. There is, however, much uncer- 
tainty as to how permanent such influences are. The effect of a given type of picture 
upon different individuals, or upon the same individual at different ages, is also 
frequently of an opposite nature. This is especially true of gangster pictures. Love 
and sex pictures, although often inducing caution, almost universally arouse interest, 
and in a large proportion of young people, definite sex emotions. Girls, especially, 
are much more inclined to pet after seeing such pictures, unless the boy’s crudeness 
contrasts too strongly with the day dreams excited by the movie hero. Both boys 
and girls learn from movies how to make love. 
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The plays of children and the day dreams of youths are much influenced by 
movies. The authors, however, are cautious in drawing conclusions regarding the 
actual meaning of dramatic play and of day dreams and of their influence on char- 
acter and conduct. They conclude that motion pictures are a factor of importance in 
producing criminality in 10% of men and 25% of women. The pictures also indirectly 
foster criminal tendencies by exciting desire for easy money, high life, adventure, 
and sexual pleasures, and by giving ideas of the methods used to obtain them; but 
this is in part offset by showing the results of such living. 

Inmates of many of the prisons and reformatories have about as many opportunities 
to see movies as are used by the population outside. There is some censorship and 
selection of pictures shown, yet on the basis of rating in “Educational Screen’’ about 
one in every three or four of them is questionable or harmful. 

Not all heads of institutions favor pictures, but they and inmates testify that 
pictures increase cheerfulness. In value the movies are regarded as less desirable than 
outdoor athletics and training for jobs, and of median influence among a dozen 
factors possibly helpful in reforming prisoners. 

In general the authors are to be credited with having made an effective preliminary 
study of the problems they set themselves to solve. Possibly something might have 
been gained by more comparisons between the data given by students and by delin- 
quents. One error is noted in ascribing the same statement to a girl of 14 and a boy 
of 18 (see pages 152 and 155), but this is probably a clerical error since the research 
seems to have been carried on with due safeguards against inaccuracy. 

Leominster, Mass. E. A. KIRKPATRICK 


Motion Pictures and Youth: A Summary. By W. W. CHARTERS. 

Getting Ideas from the Movies. By P. W. HoLapay and GrorcE D. Stopparp. 
New York, Macmillan Co., 1933. Pp. vii, 60; viii, 106. 

The first part of this book is a summary of twelve studies of “the influence of 
motion pictures upon children and youth,” made by the Committee of Educational 
Research of the Payne Fund at the request of the National Committee for the Study 
of Social Values in Motion Pictures, now the Motion Picture Research Council. 
The summary is made by the chairman of the former committee, and is a short, clear 
statement of the problems investigated and results obtained. Since the reviews of the 
several studies are, or will be, published in these columns there is no need of 
reviewing this summary. 

The second part is a report of one of these investigations, extending over a period 
of three years, ‘‘an attempt to measure two effects of motion pictures on the memories 
of children: the retention of film content and the changes in quantity and accuracy of 
general information, including the direction and duration of changes.” Seventeen 
commercial pictures—'‘Sorrel and Son,”’ “Moran of the Marines,’’ Midnight 
Taxi,” ‘Kitty, ‘Return of Sherlock Holmes,” “Show of Shows,” ‘New Moon,” 
“Tom Sawyer,” etc.—were written in story form and carefully analyzed by various 
specialists. From data thus obtained two different tests of each picture were con- 
structed, one a ‘general’ and the other a ‘specific’ information test (applying only 
to a single picture). More than 3000 subjects, selected in four groups—2nd and 3rd 
grade, 5th and 6th grade, and 9th and 10th grade children, and superior adults (all 
including both sexes)—-were given one or more tests. Of the 17 pictures shown to 
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these Ss there were “26 tests consisting of from 30 to 40 items each, aggregating more 
than 20,000 testings with approximately 813,000 items attempted” (p. 2). The 
children tested included all that were available in the grades of the schools selected 
in certain representative cities and towns. Some of the groups of children were given 
a test before the picture was shown (for a basis of comparison to determine the 
effects of the picture) ; some were tested the day following the picture; others, one or 
one and one-half months after it; and the tests of still other groups were delayed for 
a period of two or three months after the date of the showing of the motion picture. 
These several groups were equated as to age, mental age, and grade placement, so that 
effects of tests at different periods could be ascertained. The data from all the tests 
were classified under 10 different categories such as emotion, humor, mystery, crime, 
romance, etc. 

Results showed that in the general information test the mean gains of scores in 
the test given one day after the picture as compared with the scores in the pretest 
were, for the groups ranging in order from the youngest children to adults, 11.9, 
30.9, 33.9, and 28.2%, respectively, even the youngest children showing very good 
retentions, comparatively. The misinformation (errors of fact) shown in certain 
pictures was accepted by a large proportion of the audience unless the errors were 
glaring. This tended to operate against high scores in general information. Specific 
incidents (specific information) of motion pictures are usually well remembered. 
The youngest group of children retained on an average 60% as much specific infor- 
mation as did the adults. All the groups of children and adults who were tested 3 mo. 
after seeing the pictures were above 80% as efficient in reproduction as were the 
comparable group tested the day after the pictures, and on many individual items 
younger age-groups surpassed the older age-groups. Increases in retention at 3 mo. 
over that at one day after the picture was shown, are explained by the authors as 
the results of the earlier fading away of unimportant items and therefore the better 
interconnections of the more important data. Portions of the pictures related directly 
to the plot of the story were retained better than were incidental details; and, even 
though there were no reliable sex differences in retention, activities were remembered 
better when they related to sports, general action, crime, and fighting; when they had 
high emotional appeal; and when they occurred in familiar surroundings, than other- 
wise. Degree of retention in comparable groups was not significantly related to social 
status or intelligence. It is unfortunate that the authors did not use more accurate and 
less complicated methods of comparisons, since the book is of greater use to lay readers 
than to psychologists. They also do not consider sufficiently the differences affecting 
the better retention of the movie-picture material than that shown in learning experi- 
ments by Ebbinghaus, Miiller and Schumann, Meumann, and others, when they report 
that the retention found by this study is far higher over a long period of time than 
is that found by former experiments. They might have considered more recent 
experiments even on animals. 

The educational implications of this study are evident and will doubtless be further 
investigated. The data may be valuable to educators and to the motion picture industry, 
as the authors suggest. There is an appendix containing samples of the tests for 
“New Moon,” and also a bibliography of 36 titles. 
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How to Appreciate Motion Pictures: A Manual of Motion-Picture Criticism Pre- 
pared for High-School Students. By EDGAR DALE. New York, Macmillan Co., 1933. 
Pp. xi, 243. 

As the sub-title shows this manual is intended as a practical guide for high-school 
students. “It is hoped” that it ‘will provide a necessary corrective to possible harmful 
results, and provide audiences for those films which sincerely and honestly convey 
significant interpretations of the world in which we live.” The author seeks to aid 
the student in the development of proper standards of evaluation of motion pictures, 
to have him learn to “shop for movies’’ in an intelligent manner as one would select 
other goods purchased. By this means he hopes to discourage the making of poor 
pictures. The volume gives a short history of motion pictures and seeks to acquaint 
the student with all the steps and procedures in their manufacture, both on the 
mechanical side and on that of making and presenting the story. The various problems 
of acting, of photographing, of developing the settings, of introducing speech and 
music, and directing are taken up in a succession of chapters, as well as considerations 
of what the movies are for (or how we can use them to enrich our lives) and how 
they can be made to serve best our needs. A glossary of motion-picture vocabulary is 
provided as well as an index. The volume is a good piece of pioneering work in a 
field that needs development, if the intelligent public is to have a part in improving 


the movies and using them wisely. 


The Maze Test and Mental Differences. By STANLEY D. Porteus. Vineland, N. J., 


Smith Printing & Publishing House, 1933. Pp. ix, 212, and index (7 pages, unnum- 
bered). 

Dr. Porteus’s book is concerned with his concept of intelligence, the inadequacies 
of the usual methods of diagnosing defective intelligence, the derivation of the Maze 
Test to remedy some of these inadequacies, and a summary of the uses to which 
the Maze Test has been put. 

For Porteus, intelligence is “progressive adaptation” or responding to ‘‘relevant 
stimuli,” the stimuli over which the organism has some control. Intelligent behavior 
must be congruent with the rest of the individual's activities, ‘mental integration” 
is stressed, as the capacity not only to learn but also to select what should be 
learned. Intelligence has lateral breadth as well as vertical height, which makes 
diagnosis of feeblemindedness difficult, especially in delinquents and borderline cases. 

The characteristics of the defective’s social behavior (lack of planning capacity, 
suggestibility, impulsiveness, etc.) are just as important as the scholastic ability 
measured by the Binet. Porteus would tap not only “abstract intelligence’ but also 
“practical” (or mechanical) and “‘social” intelligence. To this end he offers the maze 
tests which are influenced by temperamental traits as well as chronological age, 
and whose results are related to social adjustments and prognoses of success in such 
non-academic training as is found in special classes. His studies of the validity 
of the tests (at Vineland) lead him to conclude that “for children of defective levels 
of intelligence the maze has a closer relation to socia) sufficiency than the Binet.” 
The studies of various investigators, later cited, substantiate this. He is conservative 
in his discussion of diagnosis—he believes the maze tests are helpful, but says “I 
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do not think that any performance test is a sufficient diagnostic measure. My own 
conception of the nature of intelligence is entirely too broad to admit that its assess- 
ment can be easily or quickly made by any test.’ He is not in favor of fusing or 
averaging various test-scores for diagnostic purposes, but prefers to use the various 
mental ages with reference to the characteristics of the tests by which they are 
obtained. 

Porteus appreciates the difficulties in racial investigations, and believes that the 
maze tests avoid the handicaps of language and diverse customs. Using these tests 
in Hawaii, he concludes that “the mental differences are natio-racial rather than 
racial.” Results from testing Australian aborigines are also given. 

A score of studies using the maze test and criticisms of the test are cited, with 
explicit references. There is a wide range of applications: maladjusted and adjusted 
children equated for Binet MA and IQ; racial results; influence of hookworm 
infection, etc. The criticisms are themselves criticized. The studies range from 1920 
to 1932. 

The last chapter gives detailed instructions for using the tests. Appendix I pre- 
sents the series of mazes, Appendix II presents a table of “Test Quotients.” There 
is a satisfactory index. 

The reviewer would criticize the organization and presentation of the material. 
There is some repetition (perhaps for emphasis) and the results of studies are not 
always clear, though definite citations are given. The troublesome word “capacity” 
is used without definition, which is perhaps best, and sometimes the author uses 
“intelligence’’ to refer to all-around behavior, and sometimes to Binet test results. The 
meaning is usually evident, however. On the positive side, the author’s evident first- 
hand experience makes the book valuable. His moderation is noteworthy—he has 
a hobby, but does not ride it offensively hard. His concept of intelligence shows 
the influence of Binet, Thorndike, and Spearman, and seems quite sound to the re- 
viewer. The sane and well-rounded discussion of mental diagnosis should be re- 
quired reading for clinicians. Students of racial differences will be interested in 
the Maze Test and its applications. The style, as distinct from the organization, is 
always good and frequently delightful. 

University of Pittsburgh J. H. McFappEn 


Psychology and Education. By R. M. OGpEN. Revised in collaboration with 
FRANK S. FREEMAN. New York, Harcourt, Brace & Co., 1932. Pp. xiv, 350. 


“In this revision many changes have been made which are intended to clarify 
the point that psychology is an objective study of behavior” (p. ix). In conformity 
with this announced purpose the terms “instinct’’ and “reflexes” in Chapter 2 are 
changed in the revision to “instinctive behavior’ and “reflexive behavior,” and the 
topic “The Logic of Instincts” is omitted; the old Chapter 3 on the ‘Classification 
of Instincts’’ is included with the previous chapter. Of the old ‘Individual Instincts,” 
changed now to “Individual Behaviors’ (a topic that certainly must go later) 
“cleanliness’ is omitted. Under ‘Social Behavior’ in the new edition a section on 
“The Individual and the Social Group” is added, but in the summary “Instinct” 
still stands. The old chapter on “Situation and Experience” has been omitted as 
probably too abstract, ‘““Sense-Modalities” replaces the old ‘Sensation’ in old Chap- 
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ter 11, and a new section on sense-training appears at the end of that chapter. 
Here one is surprised to read that “recent studies of the infant and the young 
child have shown that early mental development /s largely sensory in nature. It could 
not be otherwise, because all knowledge depends upon sense perception” (p. 165. 
Italics the reviewer's). No convincing evidence is cited and sense-training seems to 
have no definite meaning here. Indeed, it seems often to indicate not sense-training, 
but training in the use of the senses. There is a short addition of data on the 
part-whole problem in learning, the authors favoring the whole method but recogniz- 
ing that many questions related to various details leave the problem open. 

Probably the greatest changes have been made in the treatment of learning, 
but it must be said that usually omissions of chapters and changes in captions of 
sections do not imply omissions and corresponding changes in the text. For ex- 
ample, the omission of the section on the “Law of Precision” in memory means only 
that the Gestalt conception here emphasized is more thoroughly worked into the di- 
versified topics of that chapter than formerly so that a separate treatment is not neces- 
sary. In the chapters on learning the same condition obtains. There is little change 
in point of view although rather extensive revisions and additions are made. Learn- 
ing is defined as an “improvement of behavior by its organization and refinement” 
(p. 227). But when the authors say that ‘In order to learn a thing we must first 
perceive it,” the reviewer cannot agree. There is only a questionable difference 
between perception and learning, despite the authors’ division of learning into the 
‘acquisition of skill’ and ‘acquisition of knowledge.’ It is doubtful that these two 
“kinds of learning’ can be defended in terms of objective psychology. Even in 
the case of acquiring skill the authors over-stress perception as a precursor, and 
neglect the marked effects of immediate and accurate check-ups by different means. 
Though there are several good features in their treatment of learning as developing 
from general organismic adjustments to more specialized performances, the authors, 
it may be predicted, will in time drop their over-rationalization of learning just as 
they have dropped their “instinct’’ and ready-made reflex activity, and the use of 
several terms which still apply to conscious processes that seem to function as stimuli. 
Along the line of this prediction the reader will note that the chapter entitled 
“Thinking and Reasoning” has now become “Thinking and Willing.” although the 
new term should probably have been “doing.” 

Large sections of the new book have been entirely re-written, and numerous 
smaller changes occur. These changes are based upon the needs experienced by the 
teaching experiences of the authors. One notes, however, that the revisions are 
frequently patch-work. Numerous of the references to recent literature are in the 
form of mere footnotes. Clearly the older edition has been a restraining factor which 
has prevented the new one from reaching the extent of improvement that would have 
been made by these authors if they had written an entirely new work. Many features 
of both industrial and social progress often reflect similar hamperings of progress 
by the fixing effects of old products of human activity. There is no question, how- 
ever, that the new edition is an improvement on the old one, even though it still 
lacks sufficient concrete material to encourage individual initiative in experimentation 
and evaluation on the part of the student. 
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Hypnosis and Suggestibility: An Experimental Approach. By CLarK L. HuLL. 
New York, D. Appleton-Century Co., 1933. Pp. xiv, 416. 

From 1929 to 1931 Professor Hull published three articles on quantitative 
methods of investigating hypnosis and waking suggestion, in which 142 experi- 
mental projects were outlined and discussed. The present work is to a great extent 
a report of work, not all of it published elsewhere, on this program by Hull and 
twenty collaborators. It contains, except for a few omissions of the work of other 
authors, all that has been learned about hypnosis by means of experimentation. It 
does not profess to be a compendium of theories of hypnosis or to link hypnosis with 
the field of psychopathology. 

The salient features of this important book are these: the experimental methods 
used in attacking the problems set by Hull and his coworkers are in general ex- 
cellent; control experiments are performed wherever needed; in cases where the 
method employed is not quite adequate, the results are not very clear-cut, or the 
experiment was not carried out exactly as it was planned, the author furnishes his 
own criticism; finally, the author is very careful not to go further in his theorizing, 
at least elsewhere than in the last chapter, than the data warrant. 

In his chapter on hypnosis and memory, Hull assimilates the concept of traumatic 
amnesia to that of ordinary forgetting, though there are several differences between 
them which are obvious even to a layman. One of Hull’s students cleared up a case 
of traumatic amnesia by means of hypnosis, but this amnesia is treated for purposes 
of theory as if it were a case of the slow forgetting of previously memorized verbal 
material. 

In discussing hypnotic anesthesias, Hull gives the most prominent place to Sears’s 
investigation of analgesia. Analgesia in one leg was suggested, and the other was 
left normal. The facial, respiratory, cardiac, and galvanic reactions were recorded 
when the two legs were stimulated. Subsequently a control experiment was run in 
which he stimulated the legs of the subjects, not in the trance, and instructed them 
to simulate an anesthesia of the left leg by repressing or concealing any reactions to 
pain. It is not clear why this control experiment was performed in the normal state 
rather than in the trance, since information was desired on the subjects’ ability to 
simulate anesthesia in the trance. 

One important line of approach to the problem of anesthesia has not been fol- 
lowed by Hull. He might have tested experimentally the theory that hypnotic 
anesthesias are no more genuine than those of hysteria. Sears might have applied 
various stimuli to his subjects and later attempted to obtain, in the same or another 
trance, descriptions of the stimuli received. Also, he might possibly have devised 
situations in which the subjects would not tell quickly or easily which limb was 
being stimulated (this can be done for the fingers); under this condition the 
analgesia might have broken down. Lundholm (1928) has obtained evidence con- 
cerning the réle of conative tendencies in the production of hypnotically produced 
anesthesias, but no reference is made to his work. A more striking omission is that 
of Dynes’s investigation (1932) of auditory anesthesia, which is the only paper that 
has appeared on this subject. 

The superficial reader of the chapter “‘Hypnosis and the Dissociation Hypothesis” 
may think that Hull has demolished the general concept of dissociation as applied 
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to hypnosis, whereas as a matter of fact he has proved the untenability of a very 
limited dissociation theory. If the exponents of dissociation theories refrain from 
saying that the two dissociated processes (conscious and subconscious) are non- 
interfering, they are safe from Hull's criticism. It seems that Hull's admission of 
the introspective fact of dissociation is grudging (See p. 191). 

In a rather disappointing final chapter Hull gives a theory of prestige sugges- 
tion, from which hypnosis is distinguished only quantitatively and by the hypnotic 
procedure (suggestions of lid-closure, sleep, etc.). He says that such a theory can- 
not be given until an adequate theory of volition has been formulated, since the acts 
performed under the influence of suggestion are introspectively felt not to be willed, 
while ordinary acts are. According to Hull, volitional acts are preceded and initiated 
by certain symbolic acts (under ordinary conditions, subvocal speech, “the chief 
mechanism of volition’’). “The symbolic act stimulates the proprioceptive sense- 
organs within the muscles of the symbolic reaction system and the neural impulses 
thus released evoke the consequent instrumental or voluntary act.” This theory can 
be effectively criticized, but for the sake of argument the reviewer will assume that 
it is correct. “A response to suggestion is one in which the subject’s symbolic processes, 
instead of becoming active either in facilitating or resisting the tendency to action 
naturally arising from the experimenter’s words, remain passive.” The experimenter’s 
symbolic processes take the place of the subject’s, and the muscles of the subject are 
controlled by these symbolic stimuli. 

If Hull's theory is correct, how can we explain these facts: (1) subjects may not 
respond to all suggestions in the trance; (2) they may engage in spontaneous 
volitional activity of their own while in the trance. These facts are generally recog- 
nized, but they may be illustrated from the reviewer's experience. He suggested that 
subjects would be blind in one eye and then applied various malingering tests in 
order to see whether the blindness would be proved false or would “stand up.” 
Certain subjects malingered in that (1) they failed to carry out simple instructions, 
given with emphasis, with respect to keeping both eyes open all the time during the 
tests, etc., and (2) they engaged in activities of their own, both overt and thought- 
activities, in order to sustain the false appearance of blindness. It is difficult to see 
how it is possible for such things to happen if Hull’s theory is true. How can the 
subject's symbolic processes be present for certain voluntary acts, such as closing the 
eye momentarily, and absent for certain other voluntary acts of the same degree of 
triviality ? 

Hull has given a behavioristic theory of volition; we need in addition a theory 
of memory. According to Hull, a subject remembers the incidents of the trance unless 
the contrary is suggested directly or indirectly. He gives no theory of memory; but 
if he adopts, as is probably the case, the view that the verbal reactions called memory 
are simply the reinstatement of previously performed verbal acts, he will get into 
difficulty, since he has said that symbolic language reactions are at a minimum in 
the trance. If he should change his views to avoid this difficulty and say that amnesia 
is an inherent feature of certain deep trances but retain his theory of symbolic in- 
hibition, he would still get into trouble, since subjects may be made to recall the 
events of one trance in another. Perhaps these difficulties might be avoided by dis- 
carding the term “inhibition” and substituting for it “temporary dissociation of the 
symbolic processes.” Thus Hull’s theory could be transformed into a sort of dis- 
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sociation theory which would probably be more adequate than one involving in- 
hibition. 
Rice Institute FRANK A. PATTIE, JR. 


Juvenile Delinquency. By WALTER C. RECKLESS and MAPHEUS SMITH. New 
York, McGraw-Hill Book Co., 1932. Pp. viii, 412. 

“Those who expect the authors to produce a list of their proposed causes for 
delinquency should realize that few sociologists explain social problems by arm- 
chair methods of speculation. It is much more important for the student, the prac- 
tical worker, and the educated layman to understand the principle of multiple causa- 
tion, to be able to analyze the causes in individual cases (assuming adequate case 
records), to be qualified to interpret the tabulated information on juvenile delin- 
quents which is presented to them as a result of surveys and studies.” In their 
compilation and careful analysis of the principal data in regard to juvenile delin- 
quency, its conditions, its methods of treatment, and their results, the authors have 
maintained consistency with these statements quoted from the preface and have pro- 
vided an admirable example of sound method in this field. 

Following the introductory consideration of changing conceptions of delinquency, 
two chapters are devoted to the statistics of delinquency, types of offenses, dis- 
position of offenders, and the variation of these with such factors as sex, age, race, 
and urbanization. The authors’ criticism, that our knowledge of these fundamental 
facts will remain inadequate so long as local agencies fail to realize the importance 
of reporting complete and uniformly organized data to national clearing houses of 
information, is important enough to be emphasized. In agreement with other care- 
ful students, they find little basis for the much mooted “crime wave.” The criticism, 
in the pages devoted to the consideration of physical and mental traits, of the early 
estimates of the amount and importance of feeblemindedness among delinquents is 
justified by the most recent findings. The rather summary treatment of intellectual 
and emotional traits in general may reflect the authors’ special interest in social and 
situational factors, but should properly be interpreted as a challenge to the psycholo- 
gists and psychiatrists who have taken delinquency as their special field. The longest 
chapter of the book, on the social backgrounds of delinquents, considers nearly a 
score of factors of this type. Succeeding chapters deal with truancy, its prevention, 
and its relation to delinquency; clinical studies of causation; the development, or- 
ganization, and procedures of the juvenile court; institutional treatment and its 
defects; readjustment by means of clinical treatment and foster home placement; and 
preventive programs. The final chapter, on the results of treatment, closes with a 
statement of the need for further studies of the results of the different types of 
treatment, with the use of more refined methods of analysis. 

In addition to 65 tables in the text and a number of case studies which are 
quoted in part, three case studies are given at length in the appendixes, and a 
fourth appendix contains suggestions for clinical practice and demonstration work, 
and for the presentation of published cases for class-room discussion and analysis. 
The book is indexed and annotated as to sources, but contains no collected bibli- 
ography. It presents in compact form a large amount of information of value to 
psychologists or others specially interested in the field, and it is to be hoped that 
it will be kept up to date by later editions. 

New Jersey Reformatory, Rahway D. T. GriFFIN 
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Child Psychology. By GEorGE D. StoppaRD and BETH L. WELLMAN. New York, 
Macmillan Co., 1934. Pp. xii, 419. 

In this, the most recent contribution to the steadily growing list of text-books on 
child psychology, Stoddard and Wellman have addressed themselves to graduate 
students and research workers with a certain amount of research sophistication, rather 
than to the beginner in the field. The results of a very large number of experimental 
studies are summarized in a concise and straight-forward manner with little attempt 
at integration or interpretation other than that given by a topical arrangement. 
While such a plan of presentation does not make for easy reading, it has the ad- 
vantage of forcing the student to weigh the evidence for hiniself and to draw his own 
conclusions. In these days of ready-made opinion, the exercise of a little inductive 
reasoning on an independent basis by the hopeful aspirant for the M.A. or the Ph.D. 
may perhaps be beneficial. 

It is fair, however, to raise the question whether, in their attempt to confine them- 
selves to a strictly factual presentation of experimental data, the authors have not 
tended to overlook the forest in their zeal for counting the trees. To the reviewer, 
it seems rather unfortunate that some of the exact citations of means, standard 
deviations, and coefficients of correlation based upon small and highly selected groups 
were not allowed to remain in safe storage within the library in order that more 
space might be given to integrating the findings from different investigations in such 
a way that general trends would be more apparent. The manifest impossibility of 
including all the facts necessary for adequate interpretation of experimental findings 
from a large number of investigations within a relatively small amount of space, 
brings the old question of the advisability of encouraging the use of secondary 
sources for factual material once more to the fore. 

For the most part, the authors keep themselves in the background, emerging only 
at rather brief intervals to point out inadequacies in the technique of certain in- 
vestigations or to question the conclusions drawn. However, they devote one chapter 
to an interesting discussion of the meaning of intelligence in which they take the 
position that the development of intelligence is contingent, not merely upon in- 
herited potentialities but also upon stimulation from the environment, and that by 
suitable environmental stimulation, such, for example, as that provided by a good 
nursery school, the level of intelligence may be raised, while lack of adequate stimula- 
tion causes it to decline. Their discussion of theories of learning is also in part an 
expression of their own point of view. Learning takes place when there is need to 
learn, and differences in need, i.e., in motivation or drive, are probably of equal or 
even greater importance in producing differences in rate and effectiveness of learning 
than are differences in innate capacity per se. 

There is a bibliography of 493 titles, most of which have been reviewed at least 
briefly in the body of the text. The index is adequate and is conveniently arranged. 

University of Minnesota FLORENCE L, GOODENOUGH 


Text-book of Abnormal Psychology. By R. M. Dorcus and G. W. SHAFFER. Balti- 
more, Williams & Wilkins Co., 1934. Pp. xii, 389. 

For several years the reviewer has sought a text-book in abnormal psychology in 
which the precepts of scientific psychology prevailed over those of mythology, and in 
which the great diversity of phenomena in this field received adequate and impartial 
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treatment. Almost all of the treatises on this subject have been either overtly un- 
scientific in tone, or else so restricted in scope as to impair seriously their usefulness as 
text-books. The volume by Dorcus and Shaffer is freer from both these limitations 
than any book the reviewer has seen. The book is conceived and executed in the 
scientific spirit, and although it suffers necessarily from a lack of research substance 
in many of its topics, the facts and theories available have received critical appraisal. 

The scope and general plan of the book can be inferred from the following enu- 
meration of topics treated: the field of abnormal psychology; sensory disorders; 
motor disorders; the association mechanism; desires, feelings, and emotions; sleep, 
dreams, and hypnosis; classification of mental disorders—the organic psychoses; 
functional psychoses; psychoneuroses; mental deficiency and superiority; psycho- 
therapy. The authors unfortunately do not undertake an explication of the logic 
underlying the organization of the work. It would appear from the sequence of topics 
that they propose to consider first, abnormal processes or reactions, and secondly, ab- 
normal individuals or clinical types. This is probably a desirable procedure, and yet 
there is necessarily overlapping and occasional confusion of the two approaches, re- 
sulting from the failure to define and observe consistently the relation existing be- 
tween them. An instance of the type of difficulty arising from the failure to formulate 
explicitly the logic of the program is found in the following statement: “In many 
cases of pathology of vision, audition, olfaction, gustation and so on, no mental 
abnormality will be found.” The meaning here is clear, and yet the admission that 
“sensory” disorders may not signify ‘mental’ disorders inevitably raises questions 
on the part of students which the authors should have anticipated and attempted to 
answer. Although the sections on sensory and motor disorders constitute valuable 
compendia of the various disturbances, most of these are not “mental” disorders in 
the sense implied in the above quotation. 

The chapter on the association mechanism is a concise critical review of the lead- 
ing theories which have been advanced to account for the so-called functional 
disorders. This section, like the succeeding one on motivation, reflects the dis- 
criminative attitude of the scientific psychologist, and should serve as a desirable 
antidote to the imaginative excesses of clinicians and romanticists, whose highly 
“individual’’ concepts have militated against the development of a science of ab- 
normal psychology. 

The section on sleep, dreams and hypnosis is, in the reviewer's opinion, the best 
part of the book. The extensive citation of experimental researches and the critical 
consideration of theories make this chapter a very valuable source of materials in 
these fields. 

The treatment of the psychoses, the neuroses, and mental deficiency and superiority 
conforms to conventional patterns of presentation of these subjects found in other 
text-books in abnormal psychology and in psychiatry. The final chapter is a very 
complete account of psychotherapeutic methods, the critique of the theory and prac- 
tice of psychoanalysis being especially good. 

Although the book is replete with citations of books and articles, the reference 
value of the bibliography is unfortunately impaired by the failure to arrange the 
references in alphabetical order. The citations are numbered in serial order, in 
relation to the bibliography at the end of the book, but the same reference may ap- 
pear several times and each time with a different number. 
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The book should serve a useful purpose as a text-book in abnormal psychology. 
Psychologists can refer students to it with the assurance that they will encounter 
a solid, critical exposition, in which the intellectual substance of general and ex- 
perimental psychology has not been discarded in favor either of mysticism, or of 
a dogmatic explanation of all mental aberrations in terms of tissue pathology. 

Vanderbilt University Lyte H. LANIER 


L'anxiété: ses causes, sa signification, ses symptomes, son traitement. By W. 
BovEN. Neuchatel and Paris, Delachaux & Niestlé S.A., 1934. Pp. 191. 

“Pain is your ally not your enemy.”’ On the philosophy that the joys of life are 
dependent upon the ability to recognize pain, Dr. Boven sets the background for the 
nervous disorders involving anxiety. The failure to recognize pain means that the 
nervous system fails to function normally. 

Six nervous disorders involving anxiety are noted and reduced to two general 
classes. One class is based upon exhaustion; the second class arises out of a struggle 
within the individual. Melancholia both acute and chronic—the latter being very 
rare—occupies a middle position partaking of both exhaustion and struggle. 

Normal behavior depends upon the ability to make proper adjustments to a 
changing environment, and a worn-down nervous system or one beset with con- 
flicting and antagonistic impulses fails to function normally and reduces the in- 
dividual to a state where he cannot interpret his surroundings. For such an afflicted 
individual sensations are not the same as in normal persons; the tone, timbre, quality, 
and quantity of perceptions are altered so that he lives in a different world. Anyone 
may become the victim of the acute disorders due to fatigue but chronic states 
are built upon inherited weaknesses. 

There is a very good chapter on the symptoms of nervous disorders and the 
development of obsessions and phobias. Some phobias or superstitious rites per- 
formed as a preliminary to action have value as compensations; and when the 
afflicted individual has become able to solve his own adjustment problems thereby, 
he should be left with his peculiarities rather than be cured and denied these aids 
to adjustment. 

The vivid and active descriptions of the behavior of afflicted individuals is 
realistic, but it is not clear whether they are based upon actual case description or 


are entirely theoretical. 
Peabody College H. W. FENKER 


Sex Habits: A Vital Factor in Well-Being. By A. BUSCHKE and F, JACOBSOHN. 
Tr. from the German by Eden and Cedar Paul. New York, Emerson Books, Inc., 
1933. Pp. xii, 204. 

The book is a clear, straightforward, uninspired presentation of the current en- 
lightened information and prejudices concerning the physiology of sex, given by 
writers who manage for the most part to escape the conception that women are 
an inherently moral sex. 

‘Psychology’ (here meaning psychoanalysis) is exaggerated, but probably con- 
tributes certain aid in the handling of peculiar cases. Otherwise, there is no psy- 
chology. There is a statement to the effect that the dreams of the innocent male 
at puberty will make plain to him the functions of the reproductive organs (p. 110)! 


| 


BOOK REVIEWS 369 


There are chapters on the physiology of the male and female organs, the 
processes leading up to pregnancy and its diagnosis, puberty, the sexual impulse in 
males, females and marriage, sexual impotence in men, sterility in women, ab- 
normalities of the sexual life, venereal diseases, prophylaxis, heredity, eugenics, advice 
concerning marriage, and monogamy. The book should be useful to sex educators 
and to any normally intelligent adolescent. There is no index. 

Nashville, Tenn. ALDERSON Fry 


Reality and Illusion: A New Framework of Values. By RICHARD ROTHSCHILD. 
New York, Harcourt, Brace & Co., 1934. Pp. 442. 

This volume which adopts the viewpoint of “objective idealism” is in fact a 
series of essays dealing with a wide range of subjects—aesthetics, ethics, religion, 
organics, politics, mathematics, and the quest for happiness. According to the author, 
reality is that which is consistent with, or belongs to, a larger unity, a socialized 
totality. Thus the supreme problem of the individual is that of unifying his ex- 
perience, and it is this inner unification which is proposed as a new framework 
of values. 

In the section on politics approximately eight pages are devoted to a criticism 
of behaviorism and psychoanalysis. The author condemns behaviorism as the “‘statistics 
of physiological reactions,” and erroneously assumes that it is contrary to both the 
theory and the practice of the behaviorist to study the behavior of the organism 
as a whole in a given situation. Psychoanalysis, whose concepts are held to be 
unquestionably superior to those of behaviorism, is regarded as being guilty of an 
analyticism which falsifies man’s true nature which is essentially unitary. 

The author's “new framework of values” seems to the present reviewer to 
constitute an eclecticism which culminates in a doctrine of self-realization strongly 
reminiscent of that of T. H. Green. The work contains some interesting material, 
and at times the author succeeds in restating old ideas in such a manner as to 
increase their clarity and force. However, the author has not succeeded in unifying 
the wide range of material which he undertakes to discuss, and he frequently mixes 
philosophical platitudes with conceptions which are decidedly more recondite. 

Vanderbilt University EuGENE G. BuccG 


Psicologia. By HONORIO DELGADO and MARIANO IBERICO. Lima, Compani de 
Impressiones y Publicdad, 1933. Pp. viii, 284. 

Inasmuch as this little volume contains only the most elementary psychological 
materials, its interest for us lies primarily in the light it sheds upon the cultural, 
and especially the psychological, status of one of our Southern sister republics. 

The authors, both professors of the Universidad Nacional de San Marcos de 
Lima (closed, Minerva 1934), state that they offer this course of psychology to 
the students of Peru in order to diffuse spiritual culture among the Peruvians. 
The significance of this statement may perhaps be gathered from the fact that 
this small volume contains 31 chapters, including one each on the relation of 
philosophy and psychology, the principal characteristics of the mental life, extra- 
conscious mentality, the psychoanalytic interpretation of mental life, character, laws 
of thought, the objective spirit (values), and social psychology. 

The viewpoint of the authors is indicated in the motto which they adopt from 
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Heracleitus: “The limits of the soul thou canst not find though you travel all 
roads, so far reaches its rational essence.’’ For them accordingly the mind is an 
independent, unified existence localized in time, but transcending space. Psychology, 
they regard as a philosophical discipline, although it is independent of the latter so 
far as the imposition of hypotheses is concerned. The term discipline is used de- 
liberately, for psychology as a unified science is more an aspiration—perhaps un- 
realizable—than an attained reality. 

We must add that each chapter is preceded by a set of sizable references to 
very recent literature in both French, German, and English, although in the text 
the materials are deftly selected by criticism and approving quotation in order to 
comprise a supporting structure for the views of the authors. 

Indiana University J. R. KANTOR 


The Organism of the Mind: An Introduction to Analytical Psychotherapy. By 
G. R. Heyer. Translated by E. and C. Paul. New York, Harcourt, Brace & Co., 1934. 
Pp. xiii, 271, 37 PI. 

This series of lectures would appear to have been prepared for an audience of 
medical men. They develop, in a more or less philosophical manner, the theories 
underlying the interpretation of organ (conversion) neuroses and their therapy as 
seen by the school which Jung heads. But the author insists that the formulation 
is his own, merely following the leadership of Jung. Due attention is paid to the 
systems of Freud and of Adler. Their contributions to the understanding of mental 
life are recognized, but their limitations are likewise emphasized. 

The first half of the work is devoted to an exposition of the groundwork of 
mental life. It is seen as developed in a series of four successive vital spheres or 
cycles; namely, the vegetative cycle of nutrition, the animal cycle of the circulation, 
the pneumatic cycle of the respiration, and the mental cycle. Each of these is related 
to a phase of human activity and to a type of neurotic disturbance, so that a 
definite sort of therapy must follow. Yet, as one reads, the feeling cannot readily 
be escaped that the relationships claimed are nowhere proved, but rest either upon 
faith in the author or upon more or less mystical analogy. 

The rdle played by mystical elements is still more evident in the latter part of 
the book, which deals with analytical methods of treatment. Examples of it, in ad- 
dition to the basing of mental life in alimentation, circulation, and respiration, are 
the ideas of a racial unconscious which is effective in the individual, and the fre- 
quent references to the Yogi philosophies of India. The author reminds his reader that 
he is talking in symbols about something that cannot be more directly expressed, but 
even this is not sufficient to account for the marked mysticism that pervades the 
entire work. 

Taken as a whole, the book offers a readable introduction to the theoretical 
bases of the Jungian analytical psychology. Too much attention to confusing details 
like the involved typology and the procedures of therapy are carefully avoided. The 
philosophy is one with which every student of mental life should be familiar, and 
so good a presentation of it fills a real need. 

Mental Hygiene Clinic GILBERT J. RICH 

Milwaukee, Wis. 
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Personality and the Divers Methods by Which Some Men, and Here and There 
a Woman, Have Achieved It. By MARJORIF BARSTOW GREENBIE. New York, Mac- 
millan Co., 1932. Pp. xv, 328. 

The book is unlike any other the reviewer has read. Even when dealing with 
conventional topics, the. illustrative material is new and pat. The last half of the 
book is particularly stimulating. Through apt illustrations drawn from the fields of 
psychology, literature, history, sociology, and anthropology, the author tries to dis- 
cover the factors which have been responsible for the patterns our personalities 
assume. This part of the work it is impossible to evaluate. The conclusions are 
plausible, seem to follow from the evidence presented, but leave one wondering if 
the whole story has been told. The book is well written, frank, and thought-provoking. 
We should all like to know whether the influence of the priests upon the mothers 
and the young is responsible for the development of kindliness and mercy. We are 
equally curious about the relation between prostitution and the search for beauty. 
Have the social relations between men and women been improved by the courtesans? 
These are a few of the problems raised by the book. 

University of Michigan Henry F. ADAMS 


Systematic Sociology. By LEOPOLD VON WIESE and Howarp BECKER. New York, 
John Wiley & Sons, 1932. Pp. xxi, 772. 

This is a translation, adaptation, and Americanization of Leopold von Wiese’s 
Allgemeine Soziologie. An attempt is made to define the proper region of sociology 
as an independent discipline, distinct from psychology, on the one hand, and from 
the other social sciences on the other, and free from value-judgments. This requires 
that psychology be kept in what is considered to be its place, the study of mental 
processes as such, rather than that it be defined as the science of behavior or conduct, 
which would include the sociology here developed. 

A classification is made of all the phenomena belonging to this region, based 
on the two social processes of association and dissociation. The result of this is a 
formidable table of inter-human relationships. The frame-work is too abstract to be 
of much relevance for psychologists. Many exceedingly shrewd empirical observa- 
tions on concrete human activities and institutions are, however, incorporated inside 
the general structure. These are probably of more potential interest to psychological 
readers than the attempt to develop a complete and systematic sociology. 

University of Chicago MERRILL ROFF 


A Social Basis of Education. By Haroip S. Tutrte. New York, Thomas Y. 
Crowell Co., 1934. Pp. x, 589. 

The author contends that stressing the physical basis of learning has brought an 
over-emphasis upon the processes in the individual and that this has diverted atten- 
tion almost completely from the social factors involved in learning. In practice, little 
emphasis has been given to the fact that the motive and the outcome of learning are 
essentially social. 

In general, the book is an exposition of the thesis that “education can serve its 
social purpose only by consciously cultivating social interests and motives.’’ This ex- 
position is given in four sections: (1) the goal of education, (2) psychological 
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processes, (3) society as an educative agency, and (4) the school as a social agency. 
The argument is well organized and adequately documented. 

The author states that “psychology has nothing to say about the objectives of 
society” and then continues as if psychology is only psychology of learning in a 
narrow sense. By this limitation he deprives himself of a large body of information 
which he might have employed to good advantage. Nevertheless, the argument for 
his thesis is forceful and should be effective to some degree. 

University of Minnesota Mites A. TINKER 


The Diabolic Root: A Study of Peyotism, the New Indian Religion, among the 
Delawares. By VINCENZO PETRULLO. Philadelphia, University of Pennsylvania Press, 
1934. Pp. xi, 185. 5 

After a brief description of peyote intoxication and of the history of its use 
among the Indians in general and among the Delaware tribe in particular, the author 
gives in detail the reports of the development of the peyote cult in this tribe. The 
several versions of the origins are given as well as a number of versions of the in- 
troduction and meaning of several of the intricate ceremonies which have been de- 
veloped in the cult. 

The book is of great interest to those interested in social psychology especially to 
the student of the psychology of religion. Here is a new religion in the making and 
the author has been fortunate in knowing and obtaining the statements of the men 
who were actually responsible for the founding of this religion and the establish- 
ment of its ritual forms and of the interpretation of the meaning of these rituals. 
The book also offers a most interesting example of the varieties of imaginative 
interpretation of certain similar social activities. 

University of Pennsylvania SAMUEL W. FERNBERGER 


Theoretical Psychology. By JOHANNES Linpworsky. Translated by Harry R. 
DeSilva, with preface by translator. St. Louis, B. Herder Book Co., 1932. Pp. viii, 145. 

This book is an attempt to derive a fundamental psychological doctrine from the 
major facts of the science, particularly from experimental facts. The treatment is 
complete, although very general; it covers sensation, feeling, attention, volition, 
thought, the emotions, memory, and instinct. The book is admirably composed and 
very lucid, although the translator has sometimes adhered a little too closely to 
the German text. 

Professor Lindworsky’s doctrine shows the influence of the Wirzburg school. It 
distinguishes sharply between, on the one hand, palpable contents, and, on the other 
hand, knowledge and striving. It is not, nevertheless, an extreme form of Denkpsy- 
chologie. Knowledge of relationships is not considered to involve a variety of 
elements si generis, but to consist of a fundamental consciousness of relation, diversi- 
fied by means of various contexts (a view reminiscent to some extent of Titchener). 
A striking feature of the doctrine is that palpable contents are held to correlate with 
nervous processes, knowledge and striving not. In consequence the sequence of 
palpable contents is accounted for largely in terms of physical causation, the sequence 
of knowledge-contents in terms of a purely psychical determination. This latter deter- 
mination is a curious combination of hedonism and voluntarism, a compromise which, 
like James’ compromise between instinctivism and voluntarism, yields freedom of 
the will. One more feature of the doctrine should be mentioned; namely, the view 
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that memory (to which Lindworsky assigns a physical basis) operates ‘‘as if” the 
excitation of one part of the nervous system by another occurred through resonance. 

It is hard to evaluate this book. In a sense, it is timely, for modern discussions of 
operationalisrn and conceptualism indicate widespread interest in general psychological 
theory. It is informative, for its presents one aspect, at least, of the point of view 
of Denkpsychologen, a group little known in this country. On the other hand, the 
basic position is one foreign to many psychologists of today. These psychologists are 
simply not interested in problems of classification, of elementary status—problems 
which figure prominently in Lindworsky’s book. The best judgment, I think, is that 
the book is historically valuable, but systematically out of step with the major modern 
trends. 

Harvard University J. G. BEEBE-CENTER 


Fact: The Romance of Mind. By HENRY OsBoRN TayLor. New York, Mac- 
millan Co., 1932. Pp. 166. 

Facts may be things or events. There are some difficulties to be encountered in 
attempting to define “things” and “events’’ but they will be generally understood. 
In any event, a fact is the result of a physical impact upon a subject and consequently 
is always relative. There can be no absolute truth because the fact is, for any subject, 
the aroused mental processes apprehended as the fact. 

The facts of magic and religion, consequently, have a validity which depends upon 
the point of view and the proof of which is its workability within the system which 
produced it. So the herb that cures a disease has a spirit stronger than that of the 
disease (magic) and so the god of those who win is stronger than that of those 
who lose (religion) or “God is the father” and in whatever manner this fact may 
lack objective truth, its acceptance by the human mind makes it a religious truth. 
So in art, for example, Milton’s Paradise Lost is a concrete exemplification of right- 
eousness and sin and so expresses a poetic fact as it exists in the mind of the poet. 

Just so the facts of science and philosophy find their validity within a system, will 
find their meanings only in the prior experience of the investigator, will be affected 
by his thoughts and feelings and molded to his theories. Furthermore they have no 
validity whatever out of the particular system which so molded them. The author 
develops these themes at some length and furnishes many historical examples. 

Washington University JoHN PAUL NAFE 


The Single Woman: A Medical Study in Sex Education. By RoBERT LATou DIck- 
INSON and LAURA BEAM. Baltimore, Williams & Wilkins Co., 1934. Pp. xix, 469. 


This book, the second by these authors in a series sponsored by the National 
Committee on Maternal Health, fails to maintain the high standard of psychological 
and medical merit of their first joint production: A Thousand Marriages. Too much 
of it is repetition of the previous publication; too much time is spent on histronics, 
particularly in chapters dealing with virginity (6), family (12), religion and art 
(13), and work (14). It is unfortunate, since this book may go to the medical 
profession cloaked in seeming psychological sanction, that it is encumbered with 
suppositional psychology. Psychologists wishing to check this point should read par- 
ticularly pages 49 and 359, though the same method of interpretation is quite general 
throughout the entire book. As promised (p. xv), the evidence about sex experience 
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is “predominantly anatomical and realistic.’ Unfortunately similar objectivity of 
treatment is not extended to the attempted interpretations of other types of behavior. 
Louisville, Ky. MILTON B. JENSEN 


The Science of Radiology. Edited by Otro GLassEr. Springfield, Ill., Charles 
Thomas, 1933. Pp. xii, 450. 

This symposium, authorized by the American Congress of Radiology, should 
prove to be an excellent reference book for those interested in the field of radiation. 
The book consists of contributions by special authorities on the various fields of 
radiology, and is an adequate presentation of the history and development of the 
subject from the time of the original endeavors of R6éntgen and the Curies up to 
1933. Although American achievements in the field of réntgenology and radium are 
emphasized, considerable mention is made of contributions from other nations. The 
confusion usually attending the collaboration of a number of writers is missing. 

Perhaps of particular interest to psychologists are the chapters on R6ntgen Cinema- 
tography (by H. A. Jarre), The Effects of Réntgen Rays upon the Hereditary Ma- 
terial (by H. J. Muller), and The Biological Effects of Réntgen Rays and Radium (by 
C. Packard). It is unfortunate that, in a book of such merit, the chapter on Réntgen- 
Ray Tubes (by W. D. Coolidge and E. E. Charlton) did not receive a more sym- 
pathetic treatment. Extended references are appended. 

University of Illinois EDWARD GIRDEN 


Allgemeine Neurosenlehre auf psychoanalytischer Grundlage. By HERMAN NuN- 
BERG. Bern, H. Huber, 1932. Pp. 339. 

The book is an earnest attempt at systematization and integration of the psycho- 
analytic theories including the more recent developments, and at their application to 
the field of neuroses. The presentation, though clear and well organized, is not meant 
as a first introduction either to psychoanalysis or to the study of neuroses. Its value 
is primarily that of promoting advanced theoretical discussion of the subject. The 
author, though himself a contributor to the psychoanalytic theory, never attempts 
to slur over the difficulties encountered by the application of this theory but rather 
makes them stand out clearly. Freud, in his introductory note, calls the book “the 
most complete and conscientious presentation of the psychoanalytic theory of neu- 
roses which we at present possess’ and recommends it to all those who appreciate 
the value of theoretical thinking in psychology and yet “are able to enjoy the beau- 
tiful diversity of psychic events.” 

Worcester State Hospital E. HANFMANN 


Introduction to Physiological Psychology. By GRAYDON LA VERNE FREEMAN. 
New York, The Ronald Press, 1934. Pp. xvii, 579. 

Among the many commendable features in the book, there are three general 
characteristics that merit special mention. First, the author has achieved a remarkable 
balance between the presentation of physiological fact and psychological theory. 
Secondly, the author shows familiarity with a wide range of sources. German, 
French and Russian works receive numerous citations. Anatomy, neurology, physi- 
ology and clinical medicine contribute as much as or more than experimental 
psychology. Thirdly, the individual contributions of the author stamp the treatment 
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with an originality and freshness that has been noticeably lacking in recent psycho- 
logical texts. 

The book has four major divisions. Part I deals with basic neural mechanisms, 
and, although its content is structural and anatomical, functional aspects receive 
their due consideration. In describing such abstractions as neurones, reflex arcs, 
receptors, effectors, etc. the author keeps before the reader the total patterning or 
integration of behavior. 

Part II describes the structural-functional organization of neural mechanisms. 
It deals with the functions of the major parts of the central nervous system, such 
as the spinal cord, medulla, cerebellum, midbrain, thalmus, and the cerebral hemi- 
spheres. Many diagrams and schematic drawings are used to assist the reader 
in getting an accurate picture of the spatial relationships of the different organs. 

The integrative action of neural mechanisms is discussed in Part III. In the chap- 
ter on ‘Sensory-Fusion at the Cortical Level” such topics as space perception, audi- 
tory localization, perception of words and cortical summation, occlusion and ir- 
radiation are included. The chapter on “‘Incitation and Redintegration at the Cortical 
Level’’ deals with the possible cortical mechanism of the efferent side of the arc 
and its connection with the sensory side. The author champions a view akin to 
Lashley’s in which the “ratio of stimulations” and “‘variability in the cortical pattern 
underlying a response” are important features. The possible function of propriocep- 
tive processes in thinking receive attention. The author tends to favor the view 
that the muscles “merely supply the background of nervous current’ necessary for 
cortical function and do not act as specific excitants as required by the reflex theory. 
Under the caption of “Facilitation and Inhibition” Freeman includes the facilitative 
and inhibitory effects of hormones, drugs, and muscular tension. His own experi- 
ments with the effect of muscular tension have led him to attribute a significance 
to proprioceptive reactions which will not be concurred in by all psychologists. 

In Part IV under the heading ‘‘Neural Mechanisms and Variable Behavior,” Free- 
man very ably applies present day physiological facts and concepts to an explana- 
tion of the fmiliar categories of psychological phenomena. He presents the usual 
findings on the physiological bases of motivation and adds a critical evaluation of 
the theories of Troland, Holt, and Ukshtomski. Most of the chapter on Neuro- 
muscular sets and postures centers about his own excellent experimental analyses. 
Although admitting that optimal facilitative effects of set sometimes result from 
tensions in specific musculatures, he says: “we deceive ourselves, however, if we 
fancy that we can trace the facilitation of all sets to specific patterns of muscular 
tension.” In his evaluation of the theories of learning the configural theory is 
preferred to both the trial and error and conditioned reflex theories. Not all psy- 
chologists and few neurologists interested in learning will agree with the author's 
direct statement that the assumptions underlying the latter two theories have been 
discredited. Four views on the neural changes involved in learning are mentioned. 
Work decrement, fatigue and oscillation are classed together in a separate chapter. 
To the “pernicious dichotomy” of “muscular work and mental work” is attributed 
much of the confusion and sterility found in most studies on fatigue. Forgetting 
is discussed in this chapter as ‘decrement through lack of exercise.’ The treatment 
is altogether too short for a topic of such importance. The last two chapters deal 
with intelligence and temperament. They are the least valuable chapters in the 
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book, adding little that is not found in elementary texts in personality and clinical 
psychology. 

Certain limitations of the book should receive attention. The author has chosen 
to discuss glandular integrators in connection with related neurological phenomena. 
In so doing these important conditioners of behavior have not been given the space 
they deserve. Treatment of the emotions should be greatly elaborated. With the ex- 
ception of the nervous system, the topic of emotional behavior is probably more 
important than any other topic in physiological psychology. An adequate discussion 
of this subject would, of course, add materially to the size of the book. A few flaws 
are to be found in Freeman’s neurological developments. The use of the super- 
normal phase of recovery in nerve and the one to one relation between muscle 
spindles and nerve fibers are to be questioned. The statements concerning phase 
differences in localization and the dependence of cortical processes on proprioceptive 
afferents are representative of a number of statements in the book which ring with a 
finality that is not wholly supported in fact. 

University of California CLARENCE W. BROWN 


A Work Book in Educational Psychology. By HARRY C. LEHMAN and STuART M. 
SToKE. New York, Prentice-Hall, 1933. Pp. x, 152. 

This work book, which covers the topics of the customary course in educational 
psychology, is practically identical in plan with the books of the Educational 
Problem Series, edited by G. M. Whipple. It consists of 72 problems grouped under 
12 major topics in the field. After each problem, listed as one or more incidents or 
statements, a series of from 2 to 10 questions is given. At the bottom of each _ 


sheet is a list of specific references bearing on the topic. In addition to these, 
references “for further study,” ranging from 1 to 5 in number, are given for each 
of the problems. These are of special value to the instructor since, in many cases, 
they include extended bibliographies on the specific problems in question. All 
references to books and periodicals thus assigned for the various problems are listed 
at the back of the book, in alphabetical order, as a bibliography. Books referred 
to more than three times are starred. At the beginning of the book, following sug- 
gestions for teachers and for students, is a detailed reading list to parallel the work- 
book topics. 

From the viewpoints of scientific standing, readability, and availability the refer- 
ences seem to be well chosen for the class of students who will use the book. 

Mechanically the book is well constructed and arranged, each problem occupying 
one page which is perforated for easy removal from the book. On this page space 
is provided for the student's report of the work done on the problem. 

State Teachers College H. J. PETERSON 

Hattiesburg, Miss. 


Kritik der Sogennanten Praktischen Erkenntnis: Zugleich Prolegomena zu einer 
Kritik der Rechtswissenschaft. By ALF Ross. Tr. from the Danish manuscript by H. 
Winkler and G. Leistikow. Kopenhagen, Levin and Munkagaard, and Leipzig, Felix 
Meiner, 1933. Pp. 456. 

The volume is a philosophical analysis of applied science, anti-metaphysical and 
anti-intellectualistic in its approach. The relationships of the concepts of value and 
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meaning to practical knowledge are examined. Much historical material on the trend 
of philosophical thought is included. The influence of modern psychologists and 
psychological schools upon philosophic concepts are traced. 

For those involved in developing the theoretical background of psychology, the 
volume should be of distinct value. 

Transient Center, Erie County HERMAN J. P. SCHUBERT 

Buffalo, N.Y. 


The Science of Work. By Morris S. V1ITELES. W. W. Norton & Co., New York, 
1934. Pp. xi, 442. 

This is a popularization and an abridgement of the same author's encyclopedic 
Industrial Psychology of 1932. Viteles continues to prefer adequate experimental and 
statistical evidence to his own unsupported ‘bright ideas’ and as a result has written 
an accurate and trustworthy account of industrial psychology as it exists today. 
Vocational guidance and selection, accident-prevention, acquisition of skill, avoid- 
ance of fatigue, and problems of industrial motivation (together with other less 
important topics) receive serious consideration, each major point being properly 
documented by reference to primary sources. When adequate evidence is not avail- 
able, the author avoids the temptation of posing as an ‘expert,’ and makes it ap- 
parent even to the casual reader that he is theorizing or quoting theories of others. 

His system of collecting page-by-page references at the end of the volume should 
make it easier for the novice to handle without detracting from its value to the 
more critical reader. The whimsical drawings of K. R. Smith provide a light touch 
throughout the book. It is earnestly to be hoped that other phases of applied psy- 


chology will receive treatments as fluent, as well documented, and as dignified as 
that provided for industrial psychology by the present volume. 
Cornell University JOHN G. JENKINS 


Psychological Tests, Methods, and Results. By HENRY E. GARRETT and MATTHEW 
R. SCHENCK. New York, Harper & Brothers, 1933. Pp. x, 472. 

A volume of this sort may be reviewed either by commenting upon the nature 
of the book as a whole or by publishing a chapter-by-chapter list of errors of 
omission and commision. Because of the general excellence of the volume and 
because of its careful treatment of a field of great catholicity, the present reviewer 
prefers to adopt the former course. The errors he has discovered are few in number 
and minor in importance, never marring the value of the whole in any significant 
degree. 

Its general form approximates that of Whipple’s two volumes on mental and 
physical measurements which appeared two decades ago. Like those volumes, it 
provides for each test considered a description of apparatus and materials, a dis- 
cussion of procedure, and a presentation of results and norms for comparison. The 
authors have followed in general Whipple’s division of the tests into those for the 
simpler functions (physical and sensory capacity, motor ability and mechanical. apti- 
tude, perception and attention, and learning, association and memory) and those for 
the more complex functions (intelligence, personality and temperament, special apti- 
tudes, etc.). 

In each field the major tests are considered in a critical fashion and with ex- 
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cellent documentation in the form of references to primary sources. Each division 
is introduced by sufficient historical material to permit the student to study the 
tests in their proper context. Necessary logical procedures are discussed as the oc- 
casion arises; these discussions are phrased in language which is simple enough 
to be within the grasp of the beginning student, yet without any loss in critical 
value. The treatment of validity and reliability, for example, will be comprehensible 
to undergraduates, while many full-fledged psychologists would profit from a con- 
sideration of their dictum that one set of inadequate measures may not be validated 
by correlation with another set of inadequate measures. The present reviewer adds 
a hearty ‘amen’ when the authors seek to remind teachers that “the well-intentioned 
but untrained amateur does far more harm than good when she administers and 
tries to interpret a test which she does not fully understand.” 

No chapter on statistics has been included; the authors prefer to send the student 
to specialized textbooks on that subject, rather than to attempt to compass it in a 
single chapter. The volume as a whole is a well documented and up to date source 
of reference for the trained psychologist as well as a thought-provoking medium 
for use in training testers of the future. 

Cornell University JOHN G. JENKINS 


Der seelische Konflikt: Psychologie und existentiale Bedeutung. By STEPHAN 
Krauss. Stuttgart, Ferdinand Enke, 1933. Pp. viii, 126. 

This is an empirical-philosophical system for explaining mental life on the basis 
of a central concept of “conflict.” Appeal is made to common experience as the 
source of the facts. Though the problems of Konfl/kt range from temperament and ~ 
characterology through ethics and sociology to the history of culture, this treatise 
restricts itself to “einen psychologischen Grundriss.” 

The “investigation” follows an empirical method of examination, “der systema- 
tischen riichschauenden Selbstheobactungen,’’ which the author attributes to the 
“thought psychology” of Biihler, Ach, etc., and which reminds one of the intro- 
spections of the followers of Baird. Several observers were asked to describe their 
experiences of mental conflict, and in addition the writings of St. Augustine, Amiel, 
and Kierkegaard were examined in detail for such descriptions. From this material 
the author develops a series of logical steps which a “mental conflict’ follows. 
Though the categories are given names with psychological significance, it seems 
obvious that the procedure is one of philosophical empiricism and that the method 
is interpretation rather than description. The “introspections” involve deep searchings 
of the soul and as such no doubt have their value. 

Hobart College Forrest LEE DIMMICK 


Psychology and the New Education. By S. L. Pressey. New York, Harper & 
Brothers, 1933. Pp. xxxi, 594. 

Probably no text in educational psychology in recent years presents the field of 
educational psychology from as distinctively different a point of view as does this 
book by Pressey. It is refreshing indeed to get away from the customary rehashing of 
certain topics which appeared to have been imbedded in the course, and to find this 
virile, objective presentation of facts set down in practical, readable form. The au- 
thor has written with a definite purpose in mind, so that the volume is no mere “hap- 
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pen-so.”’ In the very first chapter we find such prefatory statements as the following: 
“It is the purpose of this volume to bring together this matter (material relating to 
‘human welfare and happiness’) in a form readily available for service to teachers. 
. . . The usual rather close systematic organization of material on the subject has 
been abandoned in favor of an organization which is more topical with reference to 
teachers’ problems. . . . The major treatment deals only with the school years... . 
This volume . . . aims to inform the reader not about instincts and reflexes, but about 
children.” 

The book is rather sharply divided into two sections, one on child psychology and 
one on the psychology of learning. In fact, this division would seem to be the great- 
est weakness of the text. Each is a rather well-rounded, self-sufficient unit by itself 
with the result that it is doubtful whether the book should be used as a text in an 
institution where the students can take child psychology and the psychology of learn- 
ing in addition to the general course in educational psychology. Of course, this is but 
another reflection of the fact that beginning educational psychology has never been 
defined and delimited in such a way that there can be said to be a definite, separate 
body of knowledge called “educational psychology.” Until this time shall come, if 
ever, any author who departs appreciably from some of the conventional outlines 
must be reconciled to being accused of impinging on the rights of others. 

The topics considered in the section on child psychology are growth, problems of 
health, interest and incentives, the social psychology of childhood and adolescence, 
problems of emotional stress and discipline, development of intellectual efficiency, and 
the individual child. Throughout this unit there is a weaving of objective data, case 
studies and interpretations in such a way that the student who is studying the book 
cannot avoid getting both a factual basis of procedure and a philosophical basis of 
interpretation for the handling of problems of children and childhood. At the end 
of each chapter is a list of practical suggestions for teaching, or a list of ‘‘do’s and 
don'ts.” Such a method makes for a certain amount of dogmatism and indoctrination 
which would probably be wholly unjustifiable in a more advanced type of text. The 
reviewer is assuming, however, that this book has been written for the student who 
is getting introduced to educational psychology for the first time, and who wishes to 
get from it something which can be used in actual teaching activity. Upon this as- 
sumption, and this alone, can we feel that the absolutism of these summaries is per- 
missable. 

The second half of the book deals with the psychology of learning, most of it 
presented in a rather practical way. It would seem, however, that the subject is ap- 
proached in a rather abrupt manner. Thus, the author gets into a discussion of learn- 
ing curves on the first page of this section even though the pupil has hardly been in- 
troduced to the subject enough to know the vocabulary of the psychology of learning 
sufficiently to understand learning curves. The discussion of plateaus probably can be 
taken as illustrative of both the strengths and weaknesses of this section. A discus- 
sion is presented of various types of plateaus and their origins. Illustrations are 
brought in to give practical meaning and application to these discussions. At the end 
of the discussion the admonition is presented to teachers that they keep closely 
enough in touch with the learning process of their pupils to know when plateaus 
occur and when help is needed. On the other hand, we find a statement made to the 
effect that plateaus should be considered as preventable and that pupils should have 
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been taught to begin with more complex units and thus to have avoided plateaus. 
While it is very desirable to prepare teachers to handle children who are attempting 
to perfect better methods of work so as not to form plateaus, it is unfortunate to 
give the idea that it is possible for all plateaus to be prevented in the learning ac- 
tivity of children. It would seem absurd to think of starting a child on a sufficiently 
high unit of reading, for example, to prevent him from entering upon certain plateaus. 
Work in some of the more easily measured fields, such as typewriting, would hardly 
indicate that it is possible to begin on a sufficiently high unit to do other than elimi- 
nate some of the more elementary procedures and resulting plateaus. In the main, 
however, we must recognize the fact that the experimental literature of the psychology 
of learning has been covered in a very thorough and practical way so that a teacher 
should have an excellent basis for procedure when she goes into the classroom. One 
of the most thorough discussions for beginning teachers which can be found any- 
where dealing with the topic of classroom testing is presented by Pressey in his chap- 
ter on “Methods for the Appraisal and Direction of Learning.” This chapter is care- 
fully illustrated and should be of very great value to the teachers in preparing their 
own examinations. The book makes a distinct contribution to the teaching of edu- 
cational psychology. 
George Peabody College for Teachers Paut L. BoyNTON 


Mental Hygiene and Education. By MANDEL SHERMAN. New York, Longmans, 
Green & Co., 1934. Pp. xi, 294. 

This book is not properly a treatise on either mental hygiene or education, but 
on mental disorders, a knowledge of which may be helpful to parents and teachers. 


After a brief discussion of psychiatric problems in education and emotions, the author 
discusses personality development and its manifestations, conflicts, compensation, 
phantasy, neurotic and symbolic behavior, adolescence and conduct disorders. Normal 
functioning is given little space. There are some loose statements, such as: ‘“Con- 
flicts do not affect the personality of the pre-school child’ (p. 46); “Every child 
with a dissociated personality has been persistently confronted with problems he has 
not been able to solve.” . . . “When the origin of his problem is understood appro- 
priate treatment is not difficult” (p. 84). Environment rather than heredity is stressed. 
The superiority of objective studies is recognized and the suggestions for observing 
and testing, and for treatment, are generally good. 

The book will be a valuable eye-opener to persons having no knowledge of mental 
disorders. Many illustrative cases are described, usually without giving the outcome 
of treatment. Many teachers will be helped by this volume to a better understanding 
of troublesome children, but it may lead some to unjustifiable confidence in their 
ability to diagnose and treat children who should have the services of an expert. 

Leominster, Massachusetts EpwWIN A. KIRKPATRICK 


